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ABSTRACT 

I11^^^36 0f ^Z01* wa3 t0 develop and furnish to the Arn^ (USAAVLABS) 
a flexible-wing deliveiy system for all^eather airdrop of 500 pounds of 
cargo with both automatic and command homing capability.    These ^sterns are 
for use in militaiy engineering and service tests. 

A detailed design analysis and trade-off was accomplished followed by a 
iSniT?'? wind-tunnel tes^ program and flight test evaluation effort, which 
resulted in the selection of a twin-keel catenary parawlng, airborne con- 

r!mJ!?ft+
,md !lUfPÜSi0n 8y8ten-    This flnal ayatm was ^en tested for reliability and landing accuracy. 

This report presents the results and findings of the work accomplished. 

Ill 
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INIRODDCTIOW 

The Department of the Amnr K 
Requirement «m) for f

1^ ^SJT1^1^^ Material 

cSr ^ «^ent, 300Pto,5SSgLlJr f f0r aCCUrate ^^P of conditions, or tactical  -4*  ^~;'uu pounds, in areas wherp +^^.4 

««« up to 2.7 in the manual mode. f :L'9 ^ the automatic 

In the development of «i«. a   ^ 
several technical discSJiSfS^   t0.meet the nro^«» requirement« 

Tuma, Arizona.    The fl^h? f7 ? ^ tests conducted at Tim* P^J^T 

overall system ^rfo^cT ^ 22^ antenna desl«n. «iTto e^S^ 

.^- 
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capability, and clandestine delivery potential with pinpoint accuracy is 
ready for Army use. 

Table I sunmarizes the capability of the system and compares the resulcs 
»with the initial goals of the program. 

I 

> -^N. 

^v 
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. COMPARISON OF SI5TEM PEHFQRMANCE WTTH REQUIREMENTS TABLE I. COMPARTsnw 

L/D 

Descent Rate 

Turn Radius 

Impact 

Manual 

Auto 

Maximum g 

Reliability 

Deployment 

Velocity 

Reaction Time 

Preflight 

Turnaround Time 

Work Statement System 

1.8 

2$  »/sec 

100' 

100' radius 

80^ at 90% 

500' to 30,000» 

0 to 150 KIAS 

r 
15 rain 

125 rain 

1.9 to 2.1 
(max. 3.1) 

17 «/sec 

100' 

100' radius 

^   Average 169.6» 

12 

93.3% at 90^ 
 95.0J? at 80^ 

500»"to 2li,000» 
demonstrated 

.    0 to 150 KIAS 

15 min 

1*5 min 



STATPffiNT 01-  THE HiOBLEM 

GENERAL 

uU St-L^^f ^f^^-OOhO, was to design, develop, and test a 
t£S Sf^So^. capability. The system was to use a flexible 

«^fnn^V^fr6^! aS defined by the wntract are presented in this 
c^i n. additl0n t0 the technical requirements set forth, a quality 
control program in accordance with MIL-Q-9856A was required. 

DESIGN CHARACTERISTICS 

The design characteristics as defined in the subject contract are: 

1. Wing shall be an all-flexible type canopy. 

2' str^M.hha11 C0^i!t 0f th0Se required line8' stings, and straps which are used to connect or interrelate the wing akd the 
control platform and shall be dimensionally stable. 

3' ^^L^^"" aha:L1 hoa8e the ßuidance and control systems and 
«^ other system necessary for proper glider operation. The size 

aeJLv^L; r111 a8 po!sible- ^sha:Li ^ »^to minier aerodynamic drag, asdist handling, and minimize hazarts to the 
wxng during deployment. 

h'    KS«: Attac!rnt ff ^ Payload shall be designed to mininize 
SnS^T?; vAat!^iC disconnec* * ^e payload upon ground 
contact shall be studied.    No shape or size of the pkyload iT 
given, but standard airdrop-type containers shall be adaptable to 
the system (normally A21, A22, and A7). au«pw»oj.e to 

$'   SAÄ^V ^W3*** sha11 be designed for use with the 
ffilKn^H ^^^r6?* interfac^ Perfomance responsi- 
bility will reside with QAC, including the installation of oroeran 
S£hSC^ l^^e* ^ the test system to deteJ^e" ^ 
S?^f ^ * f 0r P^^"»«5« deviations are the result of 
&FE or contractor-developed hardware. 

i 

HIRFORMANCE REQUIREMENTS 

'• ä^PO^: 1^500 pound' "ith •*ri^ ch^s f1™ 
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2, Horizontal rangs to vertical height in still air 1,8 to 1 when 
operating in the automatic honing mode on straight track toward 
ground transmitter. Design objective shall be 2,\i  to 1 for the 
same conditions, 

3, Deployable from 500 to 30,000 feet, 

h»    Releasable from any type of aircraft at velocities of 0 to 1^0 
KIAS, 

5. Capable of a radius turn of 100 feet in either direction, 

6, Coranand control from a ground station to a landing within 100 
feet of the desired point in winds up to 75 percent of the glider 
forward airspeed, 

7. Vertical rate of descent at impact of 25 fps or less, 

8, Mission Duration - The airborne glider guidance and control sys- 
tem shall automatically activate after full deployment and have 
sufficient energy to insure h5 minutes of normal operation in 
automatic homing mode. 

PERFORMANCE OBJECTIVES 

1, Demonstrate automatic homing to a ground-based transmitter in 
winds up to 15 knots with 200-foot CEP or less to a confidence 
level of 90 percent, 

?, Conduct adequate technical analyses of the design in areas of 
performance, stability and control, dynanics, loads, materials, 
stress, and weights to insure compliance with the performance 
requirements, 

3, Prepare a test plan for flight testing of the system to demon- 
strate the ability of the system to meet Jihe performance 
requirements and to identify its operational envelope. 

OPERATIONAL REQUIREMENTS #" 

1, Reaction Time - Time from the moment the operator decides to 
employ the equipment until the system makes final delivery of 
supplies or equipment at its ultimate destination. Sequence of 
employment from the moment a decision is made to employ the equip- 
ment is: 
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Reaction Time (Min.) 

Sequence of Employment Required Desired 

Preflight check 10 ^ 
Attach system to cargo 15 2 

2.    Turnaround Time - Time reouired for the item to be returned to a 
condition for reuse. 

Reaction Time (Min.) 

Sequence of Employment Required Desired 

Prepare for return to a using unit                10 5 
Enroute m ^ 
Inspection 25 10 
Repacking 90 ^ 

RELIABILITY AND ENVIRONMKNTAT, REQUZREMEKTS 

S f^ni6^ deliveiy system,s operational reliability  requirements 
under worldwide environments,  assuming successful completion of preflight 

1. Desired - 100 percent 

2. Minimum required - 80 percent with 90 percent confidence 

The equipment must be capable of employment in intemediate,  hot-drv, warm- 
wet,  cold, and extreme cold clinates.    The minimum environmental operational 
expressions required are specified in paragraph 7 of Change 1 to AR 705-15 
For minimum storage and transit conditions,  the equipment will incorporate* 
the criteria specified in paragraph 7.1 of Change 1 to AR 705-15. 

Sufficient testing of the equipment will be done to insure reliability 
Number of samples tested will be in accordance with engineering judgment 
based on state-of-the-art knowledge or practice consistent with accepted 
statistical methods.    MIL-R-275a2 will be used as a reference for fulfill- 
ment of the reliability requirsments.    Contractor reliability plans and 
programs will fulfill the intent of MIL-R-275U2. 

MAINTAINABTLITY REQUIREMENTS 

Maintenance Concept - Operational readiness of thej^uipment is immediate. 
The equipment must be designed for minimum prevenl/ve and in-storage 
maintenance and for maximum interchangeabiUty ar/use of standard parts 
and components.    To satisfy- this  requirement,  thlfcwaway assemblies or 
modular design will be used whenever cost per asierably is under $25 each 
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or when value analysis for higher cost items dictates.    Maximum accessi- 
rJ^L    ^ ^ ^^ * ^ca-Umy items that require ™J^teent or 
fZZl'^ encumbrances wiU be placed around the components requiring 
in th« ^r^01" t^l' Z11 co,nPonent3 *h^ be removable with tools in the organizational mechanic's toolbox. 

Quantification of Maintainability - The s.-stans maintainability goal is to 
maintain a required combat readiness of 97 percent for expected uSLation 
on a 2ll-hour-per-day operation.    A comprehensive maintenance and skin 
analysis will be conducted during the contractor test orogram.    MIL-M-26512 
Zll     r^f a! * reference for fümilment of the maintaSabUity «quire- 

SÜ Sf r^^fV:; l^^WKon at the organization müntenance level 
will be required to determine mechanical condition of the eauinn^nt     iw» 
comprehensive inspections will be accomplished at the higheTSS'of 
maintenance.    Equipnent will be calibrated and checked out ^^1^ 

SSir ^ ^"^ Instrument and Electronic Repaitlho^^r 

T^AT^r^T^r^iir —^ - —e^^po^t 
Human engineering principles shall be considered to insure that ***„»*** 
consideration is gl^n to the capabiUt.ies and limtSs S^JafS^ 

ITZZ* 0f ^ ^^ ^ deliVery Systems-   «n.H-2789u7Ss^) will 
be used as a reference for the application of Human Engineering pSJciSes. 
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APPROACH TO THR PRnm.vu 

requlranenta we« divided SS tKTinte^nfS000 ^P^131^ ^nd mission 
intend into a final 8yatera ^171^^* X^^ 

hardware was selected eSy.*    S Ce c^ ^arder ^ "^ the «^edule, 
the worst reqiirement. ^ ^ ^P^ach was to satisfy 

Figure 2 is a flow chart showinc how GAn, ^ ^ 
were integrated into the ov^aU a^ch   ^AI^ ******** and the GFE 
accomplished hjr a definition of eaK« w     K      ?**' the P^ran was 
Preliminary test, final design ^e^ion ^^ %*******> analysis, 
tests.    The major subsystans are thfl^    ^f^^tion, and reUability 
the controi hex with II ^^l^J^,^^^^^ an/ 

?^7i^ifc^^ rrriish^:1^^0 8izi- -— 
well as perfomance parameters      A^w« ♦?   ?e Wing size ^ shaPe as 
wind-tunnel tests, c^nn^tt^mSt8^^8 ^^^ * 
evaluation was also conducted. 1Tee-flight experiments, and systan 

the Wing Motional „UUo^ S S SÄ.S 0^^^^ ^ 

as the method of analy^^^/ÄJ^* TSaLm0ii0n' " vel1 

ayatem wae, hoKerer, used in the f!«l deoSS*        ^""e-1»^" «»ntrol 

^.1aa0^TSo^ir^e^^aal-Sy8ta"/X,>eriM',tÖ^-«-. 
dur,5s we« estabUahS!   aellnll^i™™»'"'16' ""<' »P«"""'»! pro«- 
oompllanoe with «llabiuta^ nerSn^^^™ "?*   ■hen tested for 
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SYSTEM DESCRIFTICN AND OPERATION 

GENERAL 

dSte sLSiwS v    / r+
eSUlt 0f the ^ reported herein co^i3ts of a 

tro^ün??P    T^        ^^^ Pawing, a control box, and a ground con- 
^er^oJ   1S ?aPab1^ 0f bueing reraotely g^cled to an accurate landing 
under a broad envelope of weather and tactical conditions.    The hardware 
receiver, and transmitter, which are the automatic homing andLiSe 

winf T™ "rTSJ'r ** 0pfational systera ^ composed of a deployable 
wing, a coiu,rol p^tfom, and a cargo container. The total system less 
the ground-based transmitter and payload, weighs less thaf lS p^Ads ^d 

SSteäd^nlInri0f^8lthan 21 inCheS by 21 inches ** 17 Lc^s ^T installed upon a payload.    The sequence of operation is shown in Figure h. 

DEPLOYABIE WING 

The deployable wing assembly consists of the wing suspension lines and 
risers (see Figure 5), the deployment bag (see Figm'e^^d the bSle 
system including a swivel (see Figure 7). raK"re^r,^nd the bridle 

/ 

Io*tÄ+h n,a?C ^ calendered' riP-stop nyloWoth which has been 
coated with polyurethane.    The porosity of the c]Jth is 7 CPM or lela with 
a differential pressure of 1/2 inch of water.    The planfom is a modifier 
delta of the twin-keel variety.    It has a planform area of 270 so^rTf^t 
and « theoretical keel length of 16 feet. PIn th^S area: a c2?SL4 

Tntr^hp*^^   ^ ^e ca*enary results in a better load distribution 
into the wing, thus, a smoother contour and an aerodynamically clearar 
wing is obtained. 

Steering is effected by warping one outside wing lobe with respect to th*. 
0^?r:    I^8 can J* accomplished by adjusting toe Itoe lengS^ The mJX 
efficient manner is by adjusting the length of the wing t^ U^es     In 
operation, a turn of sufficient radius to meet the confrac? r^ements 
can be accomplished by a wing tip deflection of 2.75 and 2^2^?« 
the manual and automatic modes of operation, respectively. 

The line material is 2-in-l stable braid.    It is lA inch in diampt^r ««H 
haS>i

aite^ile f ^^^ "00 Pounds.    There are 2U SSs' ö^hLTto 
each leading edge and 6 attaching to each catenary keel paiel.   Tte uLs 
SntroriS^H1;«! "^^^ng having a hea^teb forX^JS Äe 
control box and for securing the wing to the control be« in the packaged 

11 
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f ^^oif   h J^ T^i lin* len6ths ^ ^ in Table ^ «nd a plan- 
t^A ?f       ?0Wir! line location ^ given in Fl«v. e 8.    In the riggiL 
rf tL ^Sir^ ^^ leadinf e^ 0^ the wi^g go to thTriÄd^ 
of the control platform, and the 6 lines ft-om the left leading edge of th« 

S^c^W W1!^ ^ 0f the COntro1 plÄtfonB-    In 0^^ Sf^ tS? the control box and antenna axis are parallel with the wing, the oddkeel 
lines are attached to the front attachment fitting of thebonSol bL 2S 
^X^i^r attaChed ^ the aft attaint mSSr^ec^ 
^c^rtlaSe^3 ^ ^^ ^ ^ 6 ^ 12 ^^ 0f ^ 

?^f^0f+?16 P0"^11« is accomplished during the packing operation by 
threading the zero-length>«aefing line through reefing rings attached to 
each line at a point 17 feet above the conllSnce fiUlS?   T^^nnf 
iSL ^^SO w6^ ^T^ reefing '^ atta5h«d Ä SSr^«^ 
e^f oftl150   * threrf0Urtha 0f ^ di8t,mce fron ^ 17-foot ring to the 
^SJf ^ Sf S9"' / 1»-second Pyrotechnic time delay cutter is usfd to 
^.TJ?* rtefing U?*'    This """^ "«thod is referred to as "0" + VU 
o^a^r^?8,   t}000-*0™* r^in« line is required for Se ca.^ 
operational deployment range of altitude and velocity.    For lesser r^Svt 

(^ Ä1?.5 SÄ ^15'000 feet)'a "^-^1 ^ 
S^f^J^ and,dePl'Vinent bag is made of nylon; when the wing is packed 

^li^^% S ^ ^^ ^"fi^^ion, the attachment webs andTon- 
S ^e ^

C^n\POiSS ^ eXp08ed f ^ ^tallation onto the control 
sS^gf^r ^       ^^ ^ ^ Can be 8t0red in a ^chute 

WW^fl^ ^ ^STT?! bag ^ i^talled cm top of the control box by 
S^w^;   P*1!^ these att*chment straps is the packaged wing 
S^ f 5 tpa5B: the rest«lnt straps are «aosed across the top of the 
packed wing and tied together, and a stands«! static line is attend (see 

The bridle (see Figure 7) consists of two MIL-W-U088 TVpe I webs assembleH 
in such a way as to allow four attachment legs to the ^trolSx S 

ITZ SS K  ihLmtin«» <* the control box in such a manner as to be below the box during operation, « w uo 

™LW
?«*K 5 o^1"*' Canop!5r' :Line8' «'"«■'«»nee fittings, and attachment 

webs is about 29.75 pounds. The deployment bag is approxiLtely {Jf* 
pounds, and the suspension system and bridle are about 3.5 pounds. It is 
estimated that the flexible part of the system weight is 3lu5 pouis. 

The details for rigging, folding, packing, and installing this eauioment 
are presented in the Instruction booi?7 *    equipment 

12 
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COWTROL B(g 

The control unit consists of a closed aluminum box (see Figures 10 and 11), 
The bottom of the box contains the erectable GFE antenna and the GFE 
antenna switching network. The top of the bat contains the GFE radio 
receiver and power supply, the servo power supply, the servo actuator, the 
servo amplifier, the logic or junction box, the time delay, a press-to- 
test circuit, and the necessary wiring harnesses. In addition, the mechani- 
cal components necessary for routing the control cables from the servo 
actuator pulley out through the box and up to the wing are also located 
within the box. Exterior to the box are two spring-like sheaths for the 
control cables to pass through to maintain positive tension on the cables 
so that cable entanglement does not occur inside the control box. The con- 
trol lines are terminated in large shock-absorbing springs which assure 
that loads beyond an allowable value are not transmitted into the servo 
mechanism. The control unit is approxlmateiy 21 Inches by 21 Inches by 
7 inches and weighs 65 pounds. 

The servo battexy is a rechargeable nickel-cadmium batteiy having a nominal 
voltage of 28, It has a U-ampere-hour capacity at a 5-hour rate. 

The servo actuator and the servo amplifier are capable of producing an 
operational torque of 60 inch-pounds and stalls at 100 inch-pounds. Only 
10 to 15 inch-pounds of torque is required in this application. The servo 
actuator is capable of 3-l/2 turns, which result in a possible control 
line travel of 10 inches based on drum diameter. Only 2-3/U-inch maximum 
movement is used in the application. 

The balance circuits and the potentiometers necessary to adjust servo 
travel are located in the logic box. The adjustment of the pots allows 
from 0 to ID inches of motion in either direction when a specific signal 
is received. The alignment of the circuits, the specific voltage values, 
and other parameters necessary for proper operation are presented in the 
instruction book. 

In order to prevent excess loads in the contrjl lines during deployment and 
disreeflng, the system is neutralized during r,he checkout. By means of a 
time delay, the control system is not activated until the parawing is fully 
deployed. 

Details for setup, adjustment, and checkout of the control unit are pre- 
sented in the instruction book. Once the system has been checked out and 
made ready for flight, it can be stored in an electronics area with or with- 
out the batteries. Provisions have been made for the charging of the 
batteries while installed. 

In addition, the hardware is equipped with a test button which, by lighting 
up two lights, indicates the condition of the servo and radio battery and 
certain elenents of the circuits. Once checked out and placed on an exter- 
•aal trickle charger, the equipment can be stored in a state of readiness. 

13 
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Figure 6.    Deployment Bag, 
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TABLE II. NOMINAL IINE LENGTHS FOR STABLE FLIGHT 

Line Numbers 
(Ref. Figure 8) 

Length 
(Ft)      (In.) 

Leading Edgei 1& 7 22 1 

2 & 3 22 1 

3 *■- 9 - 20 h 

U & 10 20 h 

5 & 11 18 7 
^X 

6 & 12 17 0 

Keel: 13 & 19 22 6* 

Hi & 20 21 * 

15 & 21 20 7 

16 & 22 20 2i 
17 & 23 19 10 

18 & 2U 19 k 
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SYSTEM OPERATION 

A schematic of the CACS in operation is shown in Fleure Ix      Th^ +^i  „ 

irorn the control box allow«! -th« iflni«.^ +^ +u        ^ g away 
and the lines to pay out™? SS w^t ^ f^T rflease ^ action 
holding the canoRTL St oo^   ^f'+h« «    e/1

tretCh' ^ dePloy»«nt bag 
cutter is actuated. ^ ' tljne delay W™*****-* reefing Hne 

S SSw? 0f th! rtenna' P0"61" is «PP^d to «^e time delay.    This 
aSr Se7«!^0^ T^ ^ COntTOl function ^ occlSng^til 

ing the receiver is turned OT     At thS n^inf ^    P   ^ COntro1 bQX ^l^' 
operation once the rS^L JL^ uT   ^iS^ ^ ^f*7 f0r 

deployment up to an operational ^ ^ p^enS ^4^1?" f0r 

^o^^oSrse^ei^^^ the t^^^ is tunied 
mode.    The Sode ^ bf^ed SSlS ni^1^1, the ,nanual cont™l 
switch only. ßed dUring flieht by t»16 «^e of the selection 

Assuming that the manual mode has been select«rt    +^    • u 
orbit after 8 seconds in a loa^ L^f« !„       *,A

the a^^rne system will 
is operating, at which ti^e the SSs^L^ r*11 ^ t0tal Systan 

signal from the ground.    As IOM ^»il!   i neutralize, awaiting a command 
right or left), ^^ef wiS^rSaTn JTf ? Sißna.1 iS receivBd ^l*^ 

a, 



JSlyZSl« iSt^rT^ 001??C01 info™ation i» given to the servo actua- tor.    The unit will continually correct itself, homing in on the Kround- 
based unit     Should it pass over the transmitter and into Z^rTof 
silence ("latirely low radiation energy), the loss carrier function will 

« StS^LÄ^r1 8Pifa
+

1.Wi11 COmraenCe-    ^ *"*** wil1 descend te SiS^S* %? locatxon such that a signal will once more be received, at 
^nt«r   T^6 COn^,1 ^ Wil1 nake ^ «««"«y changes in directionS 
in sSil aS iL^SS6 ^^ Sy8tem Wil1 0rt,it around ^ transmitter ilS™% ^? spiral all the way to the ground.    In either case, the 
S^i?mSrbJe

+Kf *ttt0,,,atic **#* ^m the aireraft to the groinTL 
the proximity of the transmitter in an automatic homing mode      K    ^ ^ 

L                              TABLE III.    IJEPLOIMEMT SEOUEMCE                              ! 

Total Time 
1 

(sec)                                       Function 

0.00 Drop 

0.75 Laryard taut 

i.5o Deployment bag off 

- antenna released and erected 
- control box power turned on 
- lines and wing stretched out 
- reefing line cutter activated 

2.00 Reefed parawing inflated 

5.50 Reefing line cut 

7.50 Parawing fully Inflated 

8.00 Control box turned on 

17.00 gyst«m at full operation condition 
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TECHNICAL DISCUSSION 

GENERAL 

A technical program for the development of a flexible wing delivery system 
for all-weather airdrop of cargo with both sitomatic and command honing 
capabilities was developed by QAC. This system was intended for military 
engineering and service testing and is now representative of a final pro- 
duction item for tactical use. An aerodynamic study was made to determine 
the flexible wing configurations to be evaluated. As a result, five con- 
figurations were wind-tunnel tested to establish wing rigfring dimensions. 
Limited L/D comparisons were made of the configurations during wind-tunnel 
testing to evaluate the wing performances. Prom the aerodynamic analysis, 
the wind-tunnel test results, a structural analysis, and the preliminary 
flight tests, a specific wing configuration was selected. 

Additional flight testing resulted in the development and finalization of 
packing techniques, reefing method, and deployment method in order to 
develop a system capable of being dropped from 500 feet to 30,000 feet at 
velocities from 0 to 1^0 KIAS, A guidance and control study including 
antenna pattern investigation was conducted incorporating the GFE trans- 
mitters and receiver. The parawing and control box were then merged to 
evaluate the control system response and effect on wing performance through 
extenuive flight testing. Finally, qualification tests were run, and the 
flight test data were evaluated to establish system reliability. An 
instrtmentation system was designed to incorporate a GFE CEC recorder for 
the gathering of certain data for use In determining performance 
characteristics. 

.i> 

The program included generation of reliability, maintainability, and 
quality assurance plans as well as detailed test instructicns and test 
plans  and equipment as required for evaluation of system and equipment 
performance. 

AEROEBfNAMIC ANALYSIS 

A preflight aerodynamic analysis was performed on a single-keel configura- 
tion of the all-flexible parawing to determine if it was feasible to meet 
the contract performance requirements.    The single-keel configuration was 
used for the analysis because of the existence of more data on this con- 
figuration as opposed to a twin-keel or a twin-catenary-keel configuration. 

The analysis defined performance characteristics such as maximum L/D 
attainable, vertical descent rates, effects of payload drag on L/D, and 
lateral control capabilities.    Effects of the addition of a catenary-keel 
panel were also considered.    The analysis was based pri arily on the 
results of previous wind-tunnel data. 
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The analysis indicated that the performance requirements of (l) effective 
L/D greater than 1,8, (2) vertical descent rate at impact of less than 25 
feet per second, and (3) 100-foot radius turn could be met and, in most 
cases, exceeded. 

As a result of the aerod Tiatnic analysis, which is  included in Appendix I, 
five candidate wing configurations were selected for further examination 
and testing (see Figure 12): . 

1. Single Keel 
2. Twin Keel 
3. Single-Catenary Keel 
U, Twin-Catenary Keel 
5«    High-Aapect-Ratio Twin-Catenary Keel ^ 

In addition to these five configurations, a twin-catenary keel reefed into     r 

a single-keol parawing was tested. 

WIND-TUNNEL TESTS 

GAC in conjunction with NASA-IÄC personnel conducted a U-day preliminary 
flight test program in the full-scale 30-foot-by-60-foot Langley wind 
tunnel.    The purpose of the tests was to trim out the five parawing con- 
figurations selected as a result of the aerodynamic analysis.    The 
configurations tested are shown in Figure 12, 

These six configurations were trimmed, and rigging lengths were recorded. 
Due to the limited tunnel time available, optimization of L/D performance 
was not obtained.    The wings were flown'and trimmed,  and data was taken at 
speeds of 35 to 60 feet per second.    The data showed a good correlation 
with wind-tunnel data obtained by other experimenters.    The rigging and 
suspension system geometry was used for the preliminary flight tests at 
Yuma Proving Ground, Yuraa, Arizona. 

The wind-tunnel test data is included in Aooendix II, 

The wind-tunnel tests indicated a 22-percent greater L/D for the twin-keel 
configurations as conpared to the single keel. 

STRIIGTTIRAL ANALYSIS 
\ 
\ ■ 

A structural analysis of a single-keel parawing configuration was conducted 
to determine the structural requirements for the canopy and suspension sys- 
tem. The analysis was based on the assumption that the leading edges and 
keel are straight lines, and the angle of attack is the angle which the 
plane of the leading edpes makes with the fli^it path. A brief analysis 
was also performed on the twin-keel parawing. 

The single- and twin-keel parawing systems analyzed are defined in Table IV. 
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The struciural analysis of the wings is given in Appendix in,    A preli- 
minary analysi.'i was also done on the control box, bridle, swivel, and 
attachment fitting* to define the requirements of the integrating hardware. 

Deployment is a major consideration because the  deployment condition is 
critical for most structural elements; therefore,  the weight of the sys+.ea. 
is governed by deployment-stress requiraaents. 

The parawing inflation time,  tf, may be predicted by 

where 

2.5 

tf    -    2.5 T</VD 

V 

empirical constant 

keel length in feet 

deployment velocity in feet per second 

(1) 

^ 

The total dynamic load is given by 

v 

PD." SAqCR ^ ;      (2) 

where    ' "^ 

SA    -   wing area in square feet 

q    •»dynamic pressure in pounds per square foot 

Cj^    »    shock opening factor 
•    ■ ■ r     '" 

Preliminary tests showed CR to be 3.0. • 

Figure 13 graphs the relationship between the deployment velocity, the ifing 
loading, and the maximum g loading for systems without reefing.    For 
example, with a pay load weight of 500 pounds and a deploynent velocity of 
150 knots (253,i> l"eet per second), the resulting load Is 38,000 pounds for 
an assumed wing loading of 3 psf, a load factor of 76 g. 

This computation results in a high value because it was based on wind- 
tunnel test data and corresponds to an Infinite payload mass.    Figure 13 
and the calculation are for the worst condition, that is, without reefing. 
Reefing techniques have reduced the opening shock by at least 75 percent, 

. ■' ■ ■   ■ 
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GUimNCE AND COWTROL ANALYSIS 

Two methods may be employed for guidance and control of parawing systems t 
(1) displacement of the suspension lines and (2) addition of a drag device. 
Most systems with all-flexible parawings use various forms of line-length 
adjustment.    The CACS program currently is using the method aeveloped at 
the outset of parawing development:    that of adjusting tjie length of the 
rear leading-edge lines to afford directional control. 

The guidance and control system is designed to operate as an integral part 
of CACS.    It uses a radio receiver R-l593( )/ASN-95 as on-board eouipment 
and a matching transiiitter T-1110(  )/ASN-95 as the ground homing station. 
If the radio frequency signal is lost, as when passing over the target 
transmitter, the system will automatically apply a control force to produce 
a preset turning rate.    The vehicle will fly a helical path to the ground 
unless the signal is again received. 

Although the system appears to be susceptible ta a 180-degree ambiguity, no 
practical ambiguity exists.    The system is designed to recognize which 
antenna is receiving the greater modulation signal and to turn toward the 
stronger signal.    As Figure lM illustrates, the system will fly toward the 
homing beacon regardless of initial heading. 

The number of degrees of deviation from the 180-degree axis that is required 
to provide sufficient signal differences to be recognized by the control 
systan depends upon factors such as transmitter and receiver antenna pat- 
terns, receiver sensitivity, roll attitude, differential amplifier 
resolution, and resolution of the comparison circuits.    The sum of the 
above factors could exceed +15 degrees j hoover,   preliminary testing indi- 
cates that the system resolution is within +5 degrees from the rear and the 
front. 

The control cables are required to deliver a maximum force of  30 pounds for 
the twin-catenaiy-keel parawings.    With a l-lnch-diameter wrap drum, the 
torque on the output shaft of the gearbox would be  30 x 1/2, or 15 inch- 
pounds.    The servo system is capable of maximum control-line travel of 
10 -.nches (present setting is 2-3/h inches maxim am left or right). 

An antenna system has been designed to provide the best comparison between 
directivity and receiving sensitivity (see Figure 15),    The antennas con- 
sist of the two quarter-wave elements on the mounting plate and connectors. 
The quarter-wave electrical loop and the RF switch, matching networks, and 
cables are also shown at the inputs to the RF switch (see Figure 15). 

At the switching rate, the antenna pattern is essentially a cardlold homing 
pattern directed to the right or left side of the perpendicular line Join- 
ing the antennas in the horizontal plane.   The homing signal sensitivity, 
assuming a cardlold pattern as shown in Figure 16, is proportional to the 
sine fTTS/X), where S/X  ia the space between the two antenna elements in 
wavelengths, 
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The electrical length, in wavelengths, of the loop termination between the 
two antennas is squal to the spa»;e dimension,  S,    The RF switch supplier a 
single-ended output for the receiver and eliminates the need for two RF 
amplifiers,    A spacing of S - 0,25 seems to provide an ideal design com- 
promise in sensitivity by giving an output differential signal change of 
2,5 db for a 10-degree pointing error. 

To operate at frequencies sufficiently high to remove interference from 
the ground,  a one-to-three scale-model version of the antennas and the 
payload box was designed and fabricated.    Pattern measurements were made 
on the antenna range at QAC's Wingfoot Lake facility.    Both vertical and 
horizontal patterns were taken, including tests for voltage standing wave 
ratio (VSWR), impedance match, and equal gain at the boresight position 
for right- and left-hand patterns. 

The approach to the mechanical development of a suitable control system for 
the parawing was to use as much of the knowledge and as many system com- 
ponents as possible from the list of those already developed and qualified. 
It was hoped that this approach would prevent redundant efforts and provide 
the most rapid means of achieving a qualified parawing system.    The system 
was to use the radio receiver and transmitter system supplied as GFE.    To 
complete the system,  a servo system and a standard aluminum box were 
selected for the  system.    The initial units were designed around the larger 
iterim-model receiver and battery.    The necessary interface circuitry, 
instrumentation circuitry, and power distribution circuitry were designed. 
Servo system power requirements were determined, and a suitable nickel- 
cadmium battery pack was selected.    The entire system was then adapted to 
the standard aluminum box. 

The interim-model receiver was a lower frequency system and did not have 
the proportional homing capability but was modified by GAG to incorporate 
this feature for the early  iest phase. 

As stated prWously, in order to analyse and evaluate the antenna system, 
a scale model was fabricated and tested.    Antenna radiation patterns were 
measured at six different element spacings to optimize antenna placement. 
Effects of pitch and roll on radiation patterns for the optimum spacing 
and payload affects were also investigated.    From these investigations, 
antenna placement and ground plane predictions were made for the low- 
frequency interim-model receiver.    Indications were that a ground plane 
extension should be used for automatic homing with this system.    As a 
result o? ir.his, and the fact that the final receiver system was to be ready 
early in the program,  the interim radio was used in the manual mode only. 
The scale model antenna analysis also resulted in initial predictions for 
the higher froquenoy final receiver antenna system.    For details of this 
scale model antenna system analysis, see Appendix IV, 

An analysis was also made of the instrumentation requirements, and the nec- 
essary circuitry was designed to obtain this information using the GFE CEC 
recorder.    The original instrumentation system is described in Appendix VI, 
and the instrumentation data obtained is summarized in Appendix VI, 
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TABLE IV. SYSTEMS DEFINITION 

Item Single Keel Twin Keel 

Wing planform area 220 sq ft 275 sq ft 

Theoretical keel length 18 ft 16 ft 

Maximum wing loading 2.7 psf 2.7 psf 

Fabric tensile strength required, warp 
and fill 135 #/in. 120 #/in. 

Minimum strip tensile with a factor of 
safety - 3/1. 

TF - 7.19 x 10"
5 LKFSVD

2 

where Tp is the tensile strength of 
fabric, LR is the theoretical keel 
length, Fs is the factor of safety, 
and 7D is the deployment velocity. 

v» ■ 

Resultant velocity of system in flight 18.75 fps U3.75 fps 

Vertical descent rate with L/D - 2 
Vertical descent rate with L/D - 3 

21.8 fps 
15.U fps 

3U 
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DEVELOPMENT TEST 

GENERAL 

The development tes^ts\were to include the evaluation of independent compo- 
nents of their asselpbjy into a unit through a complete system. However, 
many of the system development tests were done in actual free flight and 
have been included under flight test. Also, part of tne parawing develop- 
ment effort was accomplished in the wind tunnel and is presented as part of 
the technical discussion. Because of the nature of this program and th3 
aprroach used, that is, the assembly of developed and qualified hardware, 
the development test area was limited to antenna performance and location 
evaluation and the detail examination of the5 subassemblies in the control 
unit. The objective of the control system test was twofold: Cl) to assure 
that the total system would function as desired and that the independent 
ccmpcnents or assemblies would function properly, and (2) to establish the 
acceptance test procedures. Development Test Instruction (DTI), in accor- 
dance with the quality requirements of this program. 

AOTENNA 

The prefli^it or development testing of the antenna system for the final 
receiver consisted of determination of optimum antenna spacing, design, and 
fabrication of the antenna erection mechanism, and testing of the full- 
scale antenna system, 

ma 

The impedance of the individual antenna elements was taken,  loss measure- 
ments were made through the RF switch, and radiation patterns were taken on 
the overall antenna system.    For these tests, the actual antenna installa- 
tion on the control box cover was used with full-scale mockups of the 
control box and payload.    The detailed test results and antenna patterns 
obtained are given in Appendix V. 

COmOL SYSTEM 

Control system design and fabrication techniques were finalized, and DTl^s 
were written for    preinstallation tests of the following purchased and 
GFK items: 

1, Proportional Servo System 
2,^ Servo Battery Pack 
3, Control System Tine Delay Relay 
km    Interim Model Radio Receiver and Transmitter Svstan 
5, AN/ASN-95 Navigation Set 

In addition, test procedures were written for the logic box assembly and 
the complete control system. Calibration test instructions were also 
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written for the GFE receiver test set. Test setups were designed and fab- 
ricated as reaulred far the DTI's. A complete set of DTI's can be found 
In the rBliabllity and maintainability report.2 

Each of the components was thoroughly tested, and their characteristics 
were noted for final integration into the control system. 

The first two control systems were fabricated using the early model 
receiver, and they were delivered for field test. These two units were 
flown successfully, but only the manual control mode was used because the 
scale-model antenna tests indicated the need for a ground plane extension 
for the antennas for automatic homing. The manual control flights were 
useful for preliminary determination of such factors as control line pull-in 
versus turn rate, etc. 

The R-l$93( )/ASN-95 receivers were incorporated into the next systems. 
The preliminary tests of the final system in the proportional homing mode 
Indicated that the system was very sensitive. The error angle required for 
full cable pull-in would result in what would amount to a "bang-bang" sys- 
tem. The system sensitivity was such that hunting of the servo system 
resulted. The tests showed the need for a more comprehensive Investlgatlom 
and optimization of the system with respect to receiver sensitivi-ty, servo 
system sensitivity, servo dead band, noise levels, antenna patterns, 
desirable error angles, and antenna boreslght errors. In the interest of 
cost and time, GAC elected to use the "bang-bang" steering for field test. 
The "bang-bang" system was found to satisfy the contract requirements and 
was incorporated into the system. 
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FLIGHT TEST 

GENERAL 

Because of the nature of the program and its ultimate objective, the aero- 
dynamic and flight tests were the most significant tests that were conducted. 
The wind-tunnel tests »ad their results hare been presented under technical 
discussion and in Appendix II. The objective of the flight test program was 
to evaluate the wing performanco, deployinent system, control box-wing inte- 
gration, reefing and system performance, and reliability evaluation. The 
flight test evaluation was divided into four areas: preliminary flight 
tests, deployment tests, control flights, and performance and reliability 
evaluation. 

During this task, the major system integration was accomplished by obtain- 
ing the best performance characteristics of each subsystem when combined 
with the balance of the hardware. 

results of the flight test program are presented in this section. 
Mix VI presents the onboard flight instrumentation data. 

INART FLIGHT 

The objective of this phase of the flight test program was the selection 
of the wing configuration for more complete evaluation. 

The preliminary flight tests were conducted during two separate efforts 
The first was tnm  8 July to 9 August 1968 at lima Proving Ground. The 
second series of flights occurred 10 September to 1 November 1968. During 
the first series of tests, 108 flights were conducted. They consisted of 
6 dmmy man drops for trim, Itf live man drops to evaluate deployment and 
control, U2 cargo drops without control box for deployment and trim evalua- 
tion, and 11 control drops for manual model considerations and the evaluation 
of certain mechanical features. The objective of this series of tests was 
to verify and adjust the rigging line lengths and material established by 
the wind-tunnel effort and structural analysis as well as wing configura- 
tion. In aAiltion, the effect of various reefing and deployment techniques 
WM mvestigkted, and the control characteristics of the wing were to be 
determined IM means of personnel and manual control drops. 

The variables Westigated for these series of tests weres 

1. Lli» Material 

a. Steel 

b. Jfcrlon - Polypropylene 2-in-l stable braid 
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s.       c. Nylon tubular 

d. Nylon braid 

e. Dacron - Polypropylene 2-in-l stable braid 

f. Dacron twisted 

2, Canopy Configuration ' 

2 
a. 220 ft planform area - Single Keel (SK) 

2 
b. 220 ft planform area - Single-Catenary Keel (SCK) 

c. 270 ft2 planform area - Twin  Keel (TK) 

2 
d. 270 ft planform area - Twin-Catenary Keel (TCK) 

2 d.    360 ft    planform area - Hlgh-^spect-Ratio Twin-Catenary Keel 

3.' Reefing Techniques 

a. Standard reefing line rings on the periphery oi the parawing 
with line lengths from 50 to 80 percent of the parawing keel 
length 

i 

b. Daisy chaining the keels together with the aft opening first 

c. Daisy chaining the trailing edges closed 

d. Combinations of a, b, and c 

e. Snyder reefer in lengths from U8 to 81; inches 

hm    Packing Techniques '        • 

a. Simple sleeve with line stowage provision 

b. itock bags with line stowage provision 

e. Disposable bags 

*     f. Commercial design sleeve 

The test conditions were a suspended weight of 65 to 565 pounds (live roan 
drops, approDdLroately 180 pounds), a drop altitude of 1000 to 7000 feet, and 
a velocity of 5 to 150 KIAS.     * '  , 

The objective of the personnel tests was to make preliminary measurements 
and judgments, which would be difficult to obtain without a very sophisticated 

/" 
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on-board and ground instrumentation system. The indication was that the 
man's descent rate on the 270-footd twin-catenary-keel parawing was 8 to 10 

, -., feet per second. Also, for the twin-catenary keel, a 6-inch pull on the 
control line with a man payioad required 16 to 18 pounds of pull. This , 
produced a 6- to 7-second 360-degree turn with a turning radius estimated 
at less than Sol feet. The parawings with a catenary keel could be flown 
in turns estimated to be 20- to 30-foot radius with no apparent sideslip 
or loss of control, 

■v 
i      Based on personnel and cargo flights and observation only,  it appeared that 

i the wings with catenaries performed better than those without.    It was also 
determined by observation and comments by the -jump personnel that the twin- 

es,,, catenary keel performed the best. 

As stated above, various line materials were investigated; as a result, 
Dac'ron polypropylene 2-in-l stable braid was selected.    With respect to the 
reefing tecnniques, it waaf determined that the approach in which" only the 
lines are restrained would be used.    The exact method was not determined- 
only the approach was considered. ' 

Two flights in this series were  instrumented, and the data is given in 
Appendix VI, 

As a general result of this series of flight tests,  it was determined that 
a twin-catenary-keel parawing with Dacron polypropylene 2-in-l stable braid 
was the canopy and line configuration that should be used.    Based on the 
use of the interim-model receiver and transmitter- equipment, it was deter- 
mined that manual control was possible.    The use of the swivel was proven, 
and adequate control response was obtained.    The indications were that the 
parawing system could meet the desired requirements.    The specific deploy- 

'     ment and packing technique was not worked out; however, the general folding 
^        0     arrangement for the parawing was established.    Areas in which control box 

.   improvements could be effected with respect to the mechanical design were 
determined.    Since the major objectives of this effort were accomolished, 
this part of the test program was concluded.    A summary of the test'phase / 

is presented in Table V, 

The preliminary-flight tests, part two, were initiated at Yuma Proving    ' » 
Ground.    The objectives of these tests were to investigate deployment and 
reefing tecnniques and the control system capability using the iinal 
receiver and transmitter in both the automatic homing and the manual con- 
trol modes. ' * 

During this test sequence,  82 flights were made. ,, They consisted of 36 
,     dummy cargo "trim" flights and deployment tests and U6 flights for control 

tests.    It was dfetermined during*thi;i test series that the wrap-tvpe reef- 
ing technique such as the Srorder.fcefs would not perform over the altitude- 
velocity envelope requirement,, and a special package and deployment container 
was necessary for the^unit.    After several signilicant failures, this effort 
was terminated,  and the information obtained was reviewed in detail prior 
to initiation of the deployment test nhase.    Table VI is a general summary 
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of this flight series, and Table VTI is a summary of the flights in which 
a control unit was used. 

It was determined that once good deployment had been accomplished and 
opening shock kept down, the system would function well. Based on this 
and the reefing line and packaging information, a detailed deployment test 
series with specially designed and fabricated hardware was planned, designed, 
and performed. 

SYSTEM DETKLOFMENT FLIGHT TEST PIAN 

An analysis of the data ob' ined on the preliminary program and an exten- 
sive review of the test movies were used to prepare a test plan. As 
stated in the requirements, the system must be deployable from a 500-foot 
altitude to 30,000 feet. Consideration was given to two general approaches. 
The first used a drogue, and the second was lanyard extraction of the wing. 

The two general concepts were investigated. It was assumed that the 
drogue approach might encounter problems at the low-altitude limit and the 
lanyard would produce the maximum load. An analysis using the drogue con- 
cept assuming a 68-inch D0 flat circular pilot chute was performed and is 
summarized in Table VTII. It indicates that this concept should be 
investigated experimentally. 

In evaluating the lanyard approach, it was assumed that the deployment 
velocity was 1^0 knots; a sea level air density was used, and an opening 
shock factor of 2 was assumed for the 30,000-foot condition. Based on 
these assunptions and a reefed mode, the peak load was calculated to be 
681i0 pounds, (Thie maximum load measured with proper reefing during the 
fli^vt test was 6100 pounds.) The total capability of the lines (2U lines 
at 1700 pounds per line) is Ü0,800 pounds, resulting in a safety factor in 
excess of 3, In examining the 500-foot case, it was determined that a 
li-second time delay should be used. This factor was also used in obtain- 
ing the above loads. Based on the above and the tolerances accumulated, 
such as reefing delay time and simplicity of system, the lanyard appeared 
to be somewhat better than the drogue concept. However, it was determined 
that an experimental evaluation would be required for final selection. 

As stated, one of the conclusions from the preliminary flight test program 
was the requirement of a packing and deployment unit designed particularly 
for the parawing. This unit is to encompass the handling as well as opera- 
tional requirements. Two concepts were investigated: a bag and a sleeve. 
In both cases, provisions were made so that a drogue or lanyard could be 
attached to the bag or sleeve. 

As a result of the preceding test program, it was determined that the «iiig 
and rigging configurations were satisfactory, and the mechanism of the con- 
trol box and the "bang-bang" control, instead of the proportional control, 
would be adequate to meet the contract requirements. Also, the final 
bridle length was determined. 
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It was determined that the balance of the tests should be to establish the 
best method for extracting and deploying the wing,  establish the reefing 
method, determine the control adjustments and attachment requirements, and 
evaluate the performance and system reliability.    In order to accomplish 
these objectives in the most expeditious manner, a test program was 
designed which had a series of tests each having a primary objective. 
However, they were integrated such that secondary objectives could be 
accomplished;  i.e., a flight having deployment evaluation as its primary 
objective could have a secondary objective of control response.    An order 
of preference was established, and most of the data for a particular factor 
was accumulated before the next series of tests was started.    It should 
also be pointed out that the total test was changed when the data so indi- 
cated; however,  a tes. series was always completed to assure the total 
availability of data.    The program developed, as a result of the above, 
is presented in Tables IX through III, 

During the generation of the test program and the plan and review of hard- 
ware requirements, a system for recording and reporting test corelitions 
and data was established.    The specific forms are presented in Figures 17 
through 22,    (Note that Figure 17 was replaced by Figures 18 and 19 during 
the course of the program.)    The forms were conpleted after each flight. 
The objective of these foms was to reduce the possible variations to a 
minimum and to record as much of the same data fron each flight for com- 
parison evaluation. 

Upon completion of the test plan, forms, and approach, and a review with 
the cognizant Army personnel, the next phase of the flight test and evalu- 
ation program was initiated. 

Because of the results of the flight test program, changes in the tests 
were made.    Table XIII lists all the tests condixted beyond the preliminary 
tests.    It shows the flight number, the deployment altitude, the deployment 
velocity, and the type of test, 

DEPLOYMEOT FLIGHT TEJTS 

The specific objective of the deploynent test series was to finalize a 
system capable of being deployed from $00 to 30,000 feet at velocities 
from 0 to 150 knots indicated airspeed.    In order to accomplish this 
objective, two reefing arrangements, two packing systems, and four extrac- 
tion arrangements were experimentally evaluated at Yuma Proving Ground. 
Che additional reefing arrangement was also examined experimentally. 

A zero-length reefing line located at the length of the No. 6 line (17 feet 
from the fitting) on all the lines was the basic configuration.    The vari- 
ation evaluated was the distance that the BOB« was drawn down from its 
full-up position toward the 17-foot dimension.    The four nose lines were 
pulled dam either one-half or three-fourths of that distance.    For 
one test the nose wa» drawn down to a point coincident with the 17-foot 
reefing line attachment point, 
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The packing configurations were a deployment bag and a deployment sleeve. 
The wing was extracted by means of a lanyard attached directly to the pack 
or to a drogue which then extracted the wing.    The time delay is h seconds 
for Hie reefing line cutter when the lanyard approach is used.    When a 
drogue is used, 2 seconds is expended on the drogue and 2 seconds for the 
disreefing of the wing.    A 68-inch DQ flat circular parachute was used as 
the drogue. 

A suranaiy of all the dt'-loyment flight tests is presented in Table XIV. 
The eight configure ii,    tested were: 

1. Bag with drogue and 0 ♦ 1/2 nose tuck reefing 

2. Bag without drogue and 0 + 1/2 nose tuck reefing 

3. Bag with drogue and 0 + 3/h nose tuck reefing 

h. Bag without drogue and    0 + 3/1 nose tuck reefing 

5. Sleeve with drogue and 0 ■»• 1/2 nose tuck reefing 

6. Sleeve without drogue and 0 + 1/2 nose tuck reefing 

7, Sleeve with drogue and 0 + 3/U nose tuck reefing 

8, Sleeve without drogue and 0 ♦ 3/h nose tuck reefing 

Each of the eight configurations was dropped from 3000 feet at deployment 
velocities of ho,  80, and 120 KIAS.    Maximum shock loads were recorded by 
means of a Brinell block measuring device between the payload and the 
dunmy control box.    In several  cases, the  instrumentation unit   was used to 
confirm the Brinell data.    This series of tests consisted of flights 201 
through 229.    The results of these tests and a comparison are presented in 
Table XV.    It can be seen that the 3/h nose tuck gave the most consistent 
low deployment load. 

The 3/li tuck lanyard deployed in both the bag and sleeve was selected for 
the next series of tests.    The two configurations were tested at 120 knots 
and deployment altitudes of 5000,  10,000,  and 15,000 feet.    These are 
flights 230 through 235 and are presented in Table XVI.    The final con- 
figuration selected based on the data obtained was a deploynent bag, without 
a drogue chute, with zero-length reefing line,  and with a '3/h nose tuck. 
Flights 237,  238, and  23« are of this configuration for indicated airsoeeds 
of 150 knots and 5000-, 10,000-, and 15,000-foot altitudes  (see Table  XVI). 
The results of these flights    verified the selection. 

The reefing line was sized from the    preceding flimits and selected tests 
through flight 32U,    The flights  used to size the reefing line and the 
results are presented in Table XVII.    It was concluded that a hOOO-poui^i 
line would allow the system to function over the complete range of condi- 
tion and that a 1700-pound reefing line would limit the performance 
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finvelope to 10,000 feet and 120 KIA3. 

In summary,  the deployment tests resulted in the selection of a bag,   zero 
reefing line, 3/h    nose tuck, IjOOO-pound reefing line system.    Sufficient 
data was obtained to establish insured performance over the required spec- 
trum of conditions. 

Upon completion of these tests, a preliminary series of control flights was 
made.    They were flights 21x0 through 2li9 in which inconsistent results were 
obtained.    It was determined upon examination of the  flight hardware that 
excessive loading had been experienced during the deployment tests;  there- 
fore,  new equipment should be used for the  control tests. 

C0!CR0L SYSTEM EVALUATION FLIGHT TEST 

The objective of this part of    the flight test program was to evaluate the 
effect of    control system response on the wing performance and  to establish 
the type and amount of control required.    The flight tests necessary to 
obtain data to accomplish the objective of these tests were conducted at 
Yuma Proving QrourK',. 

The general requirements    of the total system including the control box 
were as presented in Statement of the Problem.    It appeared fron the data 
•btained on flights 201 through 231? that the wing was more than capable of 

meeting the objectives.    The wing performance would be degraded by the 
addition of the control box.    Because of this, a series of tests was con- 
ducted to evaluate the attachment point of the control line to ttje control 
cable and the amount of control line movement for each m^e of operation. 
This series of tests was divided into  two efforts.    The first was to insure 
that the wing was in trim and performed properly,  and the second consisted 
of controlled flights with the trimmed wing.    There were h? deployment and 
trim drops and Ui control flights for a total of 86 tests. 

A summary of the control  flight;; conducted is  presented  in Table  XVIII. 

The effect of the control box on the performance of the wing for the most 
part was based on visual observation, motion pictures,  and stopwatch-type 
data.    Several attempts were made to obtain adequate data using a variety 
of instrumentation systems.    However,   it was determined that cinetheodolite 
cove-age would be required in the last analysis  to determine specific  per- 
formance nara'it- ters. 

One of the items to be determined was effective L/l) of the system.    Figure 
23  is a definition of effective L/D.     It  is the glide angle once the sys- 
tem is flying and heading toward the transmitter in a no-wind condition. 
Should it pass over the  transmitter and enter the loss carrier mode of 
operation,  that portion of  flight Is  not considered for the effective L/D 
evaluation. 
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The cinetheodolite data was  obtained on flights 326 arei 327.    A reduction 
of the data is presented in Figures 2li and 25.    The L/D obtained for 
flights 326 and 327 was 1,9 and 2,1, respectively.    Figure 25 shews that an 
effective L/D as high as 3.1 was achieved during the  early part of that 
flight.    All  of the values obtained were well in excess of the required 1.8. 

A second requirement was a vertical inipact velocity of less than 25 feet per 
second.    The results from botii cinetheodolite flights are presented in 
Figure 26.    The impact velocity was 20 feet per second and 17 feet per 
second.    Both of these values are below the    requirement set for impact 
velocity;  that is, not to exceed 25 feet per second. 

It was also required that the system be capable of a 100-foot turn radius. 
The data obtained shows that the 100-foot turn radius requirement was 
achieved. 

The cinetheodolite data obtained from these two flights confirms the rough 
data obtained on the balance of the flights.  Therefore,  it can be concluded 
that the system performance with respect to the pararasters discussed above 
are equal to or better than that necessary to meet the requirawnta. 

As a result of this effort, it was concluded that for automatic operational 
mode, control would be accomplished by deflecting the wing tip 2-l/h inches 
far the automatic homing mode and 2-3/1^ inches for the manual and loss 
carrier modes.    It was concluded that effective L/D could be obtained and 
that an average turn radius of 100 feet was achieved with the above wing 
tip deflection values.    It was also concliKied that impact within 100 feet 
of the target during manual operation could be achieved. 

Although additional flights were not conducted, the data was reviewed for 
performance CKP and reliability predictions. This review is presented in 
the following section, 

reRFDKMANCE AND RELIABILITY FLIGHT TEST 

A detailed analysis of the performance, turnaround time, reliability, and 
GIF is presented in the Reliability and Maintainability report2.    There- 
fore, only the data used and conclusions are presented here. 

Sufficient data was to be obtained to evaluate the CEP of the system in a 
15-knot wind.    A specific CEP was not a requiren»nt;  however, a goal of 
200 feet was considered.    The data applicable to this determination is pre- 
sented in Table XII.    The average impact distance was 169.6 feet; a CEP of 
180 feet with a 90-percent confidence level of 200 feet with a «l-percent 
confidence level was obtained. 

The reliability predictions were based on the data presented in Table XX. 
It was determined that the system's reliability was 93.3 percent with a 
90-percent confidence level or 95 percent with an 85-percent confidence 
levsl. 



^"T^?11 ^ oh^S}iyes ™™ Preflight of 15 minutes and turnaround 
tune of 125 minutes.    The time achieved was 1$ minutes and hS minutes. 
respectively. * 

Results of testing show that the system meets all of the performance 
requirements as defined in the contract Statement of Work. 

_ 
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TEST NO. 
DATE 

Static Line Length, 
Sire 

Peployment Cag S/N 

1 

Reefing Lin* Cutter S/N 
Delay 

Control »ox  P/N^ 
S/N 

Bridle   S/N 

Swivel      8/N 

Quick Disconnect P/N 
S/N 

Payload Nomenclatui-e. 
«eight 

Tranamitter S/N 

Figure 19.    Development Test Hardware Definition 



nute: 

Aircraft: 

Paraving: 

Payload Weight: 

Flight Typ«: _ 

Flight Detail: 

FLIGHT TEST SUMMARY 

Tltie: 

Dapl.  Vel. 

Test; Number; 

Altitude: 

Contr,   Syat;, Payload Vaight: 

IXn-unentation: 

S. 

Atnoapherlc: 

Recorder & Vitnesaea: 

Figure 20,    Flight Test Svumary 
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CONTROL SYSTEM yLIGHT READY TEST - PPADS 

System Serial Number ____^__^_______ 

Test Date_ 

night No. 

Component List    Serial Number 

Servo Amplifier 

Servo Actuator 

Time Deeay Relay 

Receiver 

Component List 

Battery Receiver 

Battery Servo 

Logic Box 

Electronic Switch 

Serial Number 

Batcery Voltage 

No Load 

10 ohm 

Servo Battery 

32 + 2V        No Load 

28 + 2V        30 ohm 

Receiver Batter 

2;« + 2 volts 

25+2 Volts 

Time Delay 

Close Deployment Switch note between Deploy Indicator out and Power (T + 9) 
indicator on. 

^seconds  (nominal 9 seconds) 

Voltage Regulator 

With Servo Battery 
Battery Voltage Regulator Output 

.30 folts Nominal 

Flight Notes: 

Figure 21, Control System Flight Ready Test - CACS 
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COWTROT. SYSTEM FT.TfflT RKAHY TKST   -   PPAHS   (cnnfim,r^ Ease 7 "f 7 

Adjust Potentiometer« and operate conti 1 Indicated, measure cable travel and voltages: 

Function Potentiometer 
Adjust 

Control           Cable 
Travel 

HlLever 
Preset 

Feedback 

Manual Left R4 K2 

Manual Right R5 XL 

Los« Carrlar 16 K3 

Home Left R2 K6 

üorne  RiRht R3 K7 

Measure an equal length of  control cable In center position of actuator   

Antennas checked for shorts and grounds.   

Assembly Package 

Note connectors are properly secured, hardware complete and bolts secured. 

Loss Carrier Jumper dlsconnected_ 

Note irregularity 

Connected 

~S 

Final Check 

With system completely assembled, operate the control box by releasing the antenna. 

Operate the transmitter for the following actuator operation. (NOTE: Transmitter should 
be a minimum of 10 feet from the control box.) 

Manual Control 

Right 
Left . 

Transmitter Off 

Home (Transmitter Position) 

Control Cable Pull In 

Right 
Left 

Right Left 

Right. 
-Left. 

Right. 
Left _ 

Return to actuator center position - note any deviation from position marked. 

Tested by_ Date -ST- 

FLgure 22.    Control System Flight Beady Test - CACS 
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12.0 

3' J 1 1 i      i      |      I ^ 
0       2.0     luO      6.0     8.0     10.0    12.0    lh.0   16.0   WJ20.O 

Range (It x 10?) 

Figure 2h.    P&rawing Perfonnance Fli^it Test 
Ife. 326 L/D Performance Curve. 

c 2.0     h.0     6.0     8.0     10.0    12.0    lLo   16.0   18^20.0 
R*nge (Pt x 10?) 

0 

Figure 25.    Parawing Performance Flight Teat 
No. 327 L/D Perfonnance COTTB. 
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TABLE V. SUMMARY OF PRELBUNARY FLIGHT TESTS 
 (8 JULY TO 9 AUGUST 1968) 

No,  Flight 

1 
2 
3 
h 
? 
6 
7 
8 

10 
11 
1? 
13 
114 
1? 
16 
17 
18 
1? 
20 
21 
22 
23 
2h 
25 
26 
27 
28 
29 
30 

31 
32 

33 

Parawinp 
Tyne Reefing Notes 

Trim 
Trim 
Trim 
Trim 
Trim 
Trim 
Trim 
Trim 

Trim 

Man 
Man 
Trim 
Trim 
Trim 
Trim 
Trim 
Trim 
Man 
Man 
Trim 
Man 
Man 
Man 
Man 
Man 
Man 
Man 
Man 
Man 
'!an 

Man 
Man 

Man 

TCK3 

SCKb 

HARC 

TCK 
SCK 
SCK 
TCK 
TCK 

TCK 

TCK 
TCK 
TCK 
TCK 
TCK 
TCK 
TKd 

SCK 
TCK 
TCK 
SCK 
TCK 
TCK 
TCK 
SCK 
TCK 
TCK 
TCK 
TCK 
TCK 
SCK 

TCK 
TCK 

TCK 

Keels together h00# steel lines 
- hOOff steel line's 
Keels together Ii80# st*Pl Ines 
- hQOrf st««si lines 
- Li80# steel  lines 
- hOO/f steel lines 
- Ii80# steel lines 
80^ reefing line Dumnty-, reefing delay 

failed 
51" Snyder Dummy, deployment 

m 

good 

h sec aft 6-3ec keels Soo/f 
Shn Snyder Dummy 
- 5oo# 
- Dummy 
- $10? 

- 
Dummy 

- Dummy 

61J" Snyder 
6I1" Snyder 
None 
6hn  Snyder 

6h"  Snyder 
Shn  Snyder 

10-15 sec disreef 
7-10 sec disreef 

Less than 5 sec 
disreef 

Less than 5 sec 
disreef 

Twin-Catenary Keel 
Single-Catenary Keel 

** High Aspect Ratio 
d Twin Keel 
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TABLE V - Continued 

Parawing 
No. Flight Type Reefing Notes 

31 Man TOK 
35 Man TCK _ 
36 Man TCR _ 
37 Man Td M 

38 Man TCK _ _ 
39 Man WK _ 
UO Man TCK _ 
la Man SCK _ 
1*2 Man TCK — 

U3 Man TCK _ 
Uk 
1 r-" 

Deploy SCK - 110 ka, steal lines 
IJ5 Deploy TCK Keels together 110 kn,steel lines. 

U6 wing tore, static line 
Deploy TCK Keels together UO kn, steel lines. 

1*7 
wing tore, static line 

Man TCK 6L" Snyder 
U8 Man TCK di"  Snyder ^ 
1*9 Man TCK _ 
50 Man 3CK _ •                        «U 

51 Deploy TCK Snyder + 6 sec h60f 
52 Deploy TCK 6&lt l*80# 
53 Deoloy aci Snyder Ü00#, steel lines. 

5U Man TCK 
payload strap broke 

55 Man TCK _ m 

56 Man SCZ Snyder mm 

57 Man TCK m 

58 Man TCK _ _ 
59 Man SCK _ _ 
6o Man TCK _ _ 
61 Man TCK _ 
62 Man TCK - 11 sec delay 
63 Man TCK Hop & pop 
61 Deploy TCK 6 sec 110 kn,50C# 
65 Deploy TCK 6 sec 110 kn,500<' 
66 Deploy TCK 6 sec UO kn.3öqC 

30 kn   v  67 Deploy SCK - 
68 Deploy SCK - 30knt50C# 
69 Deploy TCK ■• 30 kn,50C#, 10 sec to 

dlnreef 
70 Deploy SCK ~ 30 kn,500#, 6 sec to 

dlsreef 
71 Deploy - - 30 kn,50QC 
72 Deploy TCK - 110 toifSOOf,  lost pay. 

load (release) 
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TABLE V - Continued 

Parawing 
No. Flight Type Reefing Notes 

73 Deploy SCK _ 110 kn,500# 
7U Man ÄH - 60 kn 
75 Man TCK Snyder 60 kn 
76 Deploy SCK - 130 kn, 500# 
77 Deploy T(JK - 130 kxuSOOt 
78 Man sex - _ 

79 Man TCK - — 
80 Deploy SCK - 150 kn,30a# 
81 Deploy TCK - 150 kn,30Crf 
82 Deploy TCK 2 sec 150 kn, 500# 
83 Deploy TCK 6 sec 150 kn, $O0i 
Sh Man TCK - M 

85 Deploy TCK - 50Q!» 
86 Manual TCK — 160# lost payload 

(release failed) 
87 Trim TCK 
88 Manual TCK 
89 _ - 
90 Manual TCK 
91 Deploy TCK 
92 Manual TCK 

93 Deploy TCK 
9U Manual TCK 

95 Deploy TCK 
96 Deploy TCK 
97 Manual TCK 
98 Manual TCK 
99 Manual TCK 

100 Deploy TCK 
101 Deploy TCK 
102 Manual - 

103 Deploy TCK 
ioa Manual TCK 

105 Nan _ 

106 Nan - 
107 Man - 
108 Manual 

6 sec 

6 sec ♦ 2 sec 
6 + 2 

6 + 2 
6+2 

». 

Nose tuck 

IOC*' 
165# 
No test 
360# control okay 
30Qf 
36C# rt control cable 
tangled 
30C# 
360# It control cable 
tangled 
150 \cn,SOO0 
150 kn,500# 
60 kn,36(# control okaj 
60 kn, 36(|'control okaj 

150 kxuSOOi 
50C#,150 kn 
Inst. 1651 1*0 kn It 
control cable tangled 
5001', 150 kn 
50Ctf,l50 kn lost pay- 
load (bolt sheared) 

Dost. l65# 60 kn con- 
trol okay 
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TABLE VI.    SUMMARY OF PRELIM INART FLTCHT TESTS 
(10 SEPTEMBER TO 1 HOTOCBER 1968) 

Velocity Altitude Pay load 
No. Flight (Kn) (Ft) (Lbs) Notes 

101 Trim Uo 2,000 300 
102 Trim UO 2,000 - Line tangled 
103 Nan Uo U,000 160 _ 
lOU Manual Control 60 5,000 - Lost payload 
105 Trim ho 2,000 _ — 

106 Manual Control ho 10,000 - Violent drop from air- 
craft 

107 Trim - 2,000 300 _ 
108 Manual & Homing - 5,500 500 50'   from tarret 
109 Trim - 2,000 300 .. 
no Homing - 5,000 — _ 
111 Trim - 2,000 5oo _ 
112 Homing - 5,000 300 35' from target 
113 Homing - 7,000 5oo Receiver battery dead 
Uli Homing ho 10,000 300 Line tangled 
115 Trim 150 2,000 5oo _ 
116 Homing - 7,000 300 Antenna snort - okay 

manual 
117 Honing - 7,000 300 300'  from target 
118 Homing 120 10,000 300 39'  from target 
119 Manual & Homing 120 10,000 5oo 70'  from target on 

manual 
120 Man - 3,000 160 Reefing broke loose 
121 Homing - 7,500 300 hlT  from target 
122 Homing - 7,500 5oo 183«  from target 
123 Homing he 7,000 - Incomplete deployment 
12L - - _ _ . 
125 Homing ho 7,000 5oo 360'   from target, 

rt turn cable broken 
126 - - - - _ 
127 Homing 60 9,500 300 110'  from target, 

2-1/2 mi offset              l. 
128 - - \ - No test 
129 Manual & Homing - 10,000 5oo 120»  from target, man- 

ual  (antenna ooen) 
130 Homing Uo 7,U00 300 110« from target,  lost 

payload 
131 Homing - 7,U00 500 600«, did not get ful- 

ly back,  lost payload 
132 Homing - 10,000 5oo 3U5' 
133 Homing - 7,00-1 5oo 5^   (11,000'  offset) 
13li Homing ~ 7,000 5oo Lost payload 
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TAHI.K VI - Contlmied 

No. Flight. 

135   Manual Control 
116 Manual Control 
117 Hewing 

118 Honing 
139 Homing 
HjO Homing 
Ujl Hani -ig 

lh? Homing 

1L-5 Trim 
liOi Trim 
IhS TrijB 
lii6 Trim 
m? Homing 
us Homing 
up Homing 
150 Trim 
151 TrijB 
15? Trim 
153 Trim 
151 Homing 

155 Homing 
156 Tri« 
157 Homing 

1^7a Trim 
158 Trim 
I5fia HonlnE 
15« Homing 
160 Homing 

161 Trim 

16?    Honing 

Ve loc ity    A1 t.i tude    ^y 1 oa ri 
(Kn) in) Qhsj 

IPO 

110 
ho 

120 

70 
80 

150 
150 
120 
ho 
ho 
70 
70 
70 

150 
120 

IPO 
150 
150 

150 

i?c 
120 
1?0 

150 

120 

163 Homing 120 
161 Trim JjO 
165 Trim ho 
166 Trim ho 
167 Homing ho 
168 Trim 150 
16? Trim 150 

7,000 
7,000 

15,000 

15,000 
6,S00 

10,000 
10,000 

2,500 
2,500 
1,000 
6,500 
S5oo 
2,500 
-',500 
2,500 
3,000 

10,000 

10,000 
3,000 

10,000 

1,000 
3,000 

10,000 
10,000 
10,000 

15,000 

10,000 

5,000 
2,500 
2,500 
2,500 
7,000 

15,000 

Notes 

500 

500 

8,000 500 

2,500 

500 

58« 
150' 
Lost payload,  strap 
broke 
Lost  payload 
126« 
Lost payload 
To\y  parawing, control 
box destroyed 
Lost payload, damaged 
control box 
Lost payload 

Lost payload 
120« 
Tore wing 

Line tvisted 
700' from target, 1-1/? 
ml 
1150' from target 

Antenna not open,   line 
tangled 
Deployment malfunction 
Tore deployment bag 
POO'  from target 
No dlsreef 
Dropped 6 mi avay, 
landed 1-1/? mi 
Blew wing panel,  35 kn 
winds j! 

No. 6 leading edge line J 
broke, reefer tore 
Slack control lines 

Wing blew up 
Okay 
Okay  
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TABLE VI - Continued 

Velocity Altitude Payload 
No. 

170 

night 

Trim 

(Kn) 

150 

(Ft,) 

3,000 

(Lbs) Notes 

Pilot chute broke 
loose 

i/i Honing 150 15,000 300 300'   from 3 miles In 
cross wind 

in Homing 150 15,000 - Pilot chute & wing 
broke m Honinp 150 15,000 - Manual control,  one 
antenna pone m Reefing 75 5,ooo - Snyder ♦ nose tuck, 
okay 

rh Reefing 150 h,000 - Snyder + nose tuck. 

176 Rppflng 150 l4,5oo - 
okay 
Snyder ♦ nose tuck, 
okay 
Snyder ♦ nose tuck. 177 Rer^ing 150 15,000 _ 
okay 

178 Homing 150 15,000 - Control box destroyed 
tangled lines 

ii'y Reefing 1*0 l4,5oo - Snyder ♦ nose tuck, 
1950# shock load 

180 Reefing Uo li,5oo - Snyder + nose tuck, 
2200ft shock lo^d 

181 Reefing ho U,5oo - Snyder ♦ nose tuck, 
2l10C# shock load 

182 Reefing so 3,5oo - Zero reefing line. 

L— 3300# shock load 
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TABLE Vn.    CONTROL FLIGHT 3ÖMMART 

Date Flight Remarks 

9-11-68 lOli (5-1)* Payload lost at deployment due to failurp to 
bridle at the D ring 

0-13-68 106 (5-2) Deployment chute hangup on payload 

0-16-68 108 (5-3) Automatic home-to-target switched to manual 
to protect control box;  winp out of trim; 
landing within 50'  of target 

9-17-68 HO (5-Ü) Wing not- quite in trim;  6" pull  considpred 
too great 

9-17-68 112 (5-5) Good flight within 35*  of transmitter; 
automatic homing all the way; descent rate 
approximately 19 fps with 300# payload 

9-18-68 113 (U-l) Automatic  homing good to approximately  1000' 
of target, then turned away  from target; 
post flight check showed receiver battery 
low, 18,2 volts| descent rate 18 fps with 
5oqf payload 

9-18-68 lllj (5-6) Line tangled; system fell off backward in 
tight twist 

9-18-68 116 (U-2) Automatic homing did not function; »anual 
control good;  right antenna shorted to ca.-w 

9-19-68 117 (U-3) Automatic homing to 300' of target 

9-19-68 118 (U^) Automatic homing to within 39'  of transmitter, 
with 300)C payload; descent rate 16 fps 

9-18-68 119 (5-7) Right turn in automatic mode, manual control 
to 70' of transmitter;   flight 15 min  from 
10,000'; 12 fps descent rate,  30Qf payload 

9-20-68 121 (Ü-5) Good flight;   liOO'   from tarpet,  ?S Wn winds, 
<    3001' payload 

9-20-68 122 (5-8) Good flight;  180«   from target 

9-25-68 123 (U-6) Instrumentation,  right turn stall v 
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TABLE VII - ContimiPri 

Date Flight 

9-25-68      125 (5-9) 

9-26-68 127 (5-10) 

9-26-68 129 (1^7) 

* 9-26-68 130 a-8) 

9-27-68 131 (5_ii) 

9-27-68 13k (5-12) 

9-30-68 (k-9) 

9-30-68 133 (li-10) 

9-30-68 135 a-li) 

9-30-68 136 (1,-12) 

10-01-68 137 (U-13) 

10-01-68 138 (5-13) 

10-01-^8 139 (I*-ll*) 

10-02-68 IliO (li-15) 

Remarks 

Static line deployment fror. H-3l*j Ipng and 
violent deployment; system homed well without 
right control, line broken; approximately 360» 
rrom target 

Good flight to 110' from an altitude of 95oo> 
snd^l3,000' up wind, descent rate approximately 

System did not automatically home, antenna 
open; manual control to 120« of target 

Lost payload at deployment, homed to tarpet with 
only the control box; landed within 110»• 
descent rate 6-7 fps * 

Autometic homing to within 600« of the target- 
lost payload, high cross vinds ' 

Riyload strap broke and wrapped around the 
control lines 

Horned^to 51'} Sairchild 11,0Q0« offset at 

Manual flight for Fairchild 50« from trans- 
mitter, 5000  payload 

Manual flight for Fairchild 150» from trans- 
mitter, 5oo# payload; displayed good wind 
penetration 

Automatic home to 250" - 

Lostpayload, bridle tangled control line- 

Automatic home to 126' 

Quick release malfunction, homes witn control 
box 

10-03-68  lla (li-16)   Destroyed control box 
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TABLE VII - Continued 

' 

' 

Date Flight 

10-03-68 lii2 (5-110 

10-08-68 lb? (lia-17) 

10-08-68 IliS (5-15). 

10-05-68 lli9 (5-15) 

10-11-68 15U (üa-18) 

10-10-68 155 (5a-l6) 

10-11-68  157 (5a-17) 

10-15-68  158 (Ua-20) 

10-16-68  159 {hz-21) 

10-16-68  160 (5a-21) 

I 10-17-68  162 (Ua-22) 

10-18-68  163 (a-23) 

Remarks 

Damaged control box 

Lost pay load,/homes with just control boot 

Automatic home, 120' 

Field repack; wing ripped in half; descent 

rate 72 fps 

Drooped at 20,000'; offset at 10,000« altitude 

Deployed at 10,000« and 120 kn, U mi up wind 
from target, a few right turns at deployment; 
the homing alignment was within an angle of 
+15°; packaged loss carrier disconnected, 
came straight to target; when within 200' of 
target at appraximately 1000», it went into a 
ri^it turn stall; package damaged upon impact 

Line tangled during deployment, could not 
control 

Deployed 10,000« at 120 kn, U-l/2 mi from tar- 
get; homed to target, passed orer the XHTR 
turn at approximately 250' and made a gentle 
turn into wind; load landing was very gentle 
upon release of load; control package damaged 
upon landing 

Parawing did not deploy; deployment reefer tied 
off with 550^ cord 

Parawing flew well as reported by helicopter 
crew; C-130 drop at least 8 mi from target 
or 3 mi beyond the selected release point 
at 10,000«; package fell 1.5 mi short of 
target 

Wing torn apart; tape held the antenna closed 

Slack control lines; lost cas-rier could not 
overcome slack; good deployment and stable 
flight 
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Date 

TABLE VII - Continued 

Flight Remarks 

10-22-60 

10-2li-68 

167 (l4a-2li) 

171 (i>'a-19) 

10-25-68  172 (3-1) 

10-25-68  173 (5a-20) 

10-30-68  178 (3-2) 

The wing was destroyed at deployment; the con- 
trol system waa a total loss 

Deployed at ISJOOO1 at 150 kn with 300# payload, 
3 mi from target and cross wind; good flight; 
came over the target and landed within 300'; 
attempt was made to measure turning radius for 
2-l/2l, pull-in with T.V. coverage 

Deployed at 15,000'at 1.50 kn; the deployment 
chute separated without retracting the deploy- 
ment bag; wing worked its way out of the bag 
at approximately 5000'; the wing tore up, the 
streamer and sandy area saved the package 

Deployed at 15,000' at 150 kn; no automatic 
control, package found with one antenna missing; 
assumed lost at deployment; wing operated with 
a built-in left turn; it appeared that the 
degree of left turn could be controlled manually 

Retainer strap used to hold the parawing to the 
control box was tangled in the control lines; 
control box was destroyed 

(5-1)t The first number is the control system S/N; the second nimber 
is the flight number on that control box. 

Example: (U-3) indicates third fli^it with control box S/N U. 
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TABLE Yin.    PERFCPMANCE CALCUIATTCNS - 
 RARAWING SYSrat VOTH DROGUE 

Tine 
(Sec) 

0 

1.12 

3.12 

3.60 

5.6 

7.0 

Altitude Loss 

Launch 
20* ftree fall, drogue riser pays out 

Drogue Inflated 
121*' drogue operation 

Deploy Parawing 
79' wing line stretch 

Wing Reefed 
210« 

Initiate Disreefing 
77' 

Wing at Terminal Velocity 

Total Altitude Loss 

20 

lUt 

223 

I»33 

510 
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te 

CAC3 TEST OBJECTIVES FCR TABIES X AMD XI 

Performance Data Oriented Test Ob.lectlTOs 

a. Turn rate, roll angle, and turn diamef«r versus control cablo 
pull-in and total suspended weight 

b. Determine control line forces  versus control cable pull-in«md 
total suspended werght 

c. Automatic homing turn angle versus control cable pull-in and 
total suspended weight 

d. Automatic homing duty cycle versus control cable pull-in and 
total suspended weight 

e. Proportional homing capability - Measure the receiver propor- 
tional outputs differential signal versus  time to determine 
the system improvement and proportional time constants 

f. Determine time constants of lost subcarrier to automatic 
homing turn« 

g. Determine time constants of lost subcarrier to command turns 

h.    Determine the effects of payload size 

i.    Determine characteristics of transmitter cone of silence 

J,    Determine the effects of depression angles  (26 to 90 degrees) 

k.    Evaluate the apparent constant right turn over target 

1,    Determine command homing capability 

m.    Determine automatic homing capability 

Contract Performance Oriented Test 01 jectives 

1. 300- and 500-pound payload with no rigging changes  (100 to 500 
design goal) 

2. L/D of 1.8 to 1 (2.h to 1 design goal) 

3. 500- to 30,000-foot operation 

U,    0- to 150-knot operation 

5.    100-foot turn radius capability 
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6, 100-foot radius landing with command control 

7. Vertical descent rate at impact of 25 feet per second or less 

8, Mission duration 

9. automatic homing battery life of U5 minutes 

10. Design goal of 200 feet CEP with 15-lcnot wind in the automatic 
homing mode 
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Test 
Setup 
No. 1 

TABLE XU.    INSTRUMENTATION TEST SETDPS AND DATA ITEMS 

Channel 

1 

3 

5 

7 

9 

Data 

Front suspension tie point load 

Aft suspension tie point load 

Left suspension tie point load 

Right suspension tie point load 

Vertical axis acceleration 

Test 
Setup 
No. 2 

1 Servo amplifier input signal 

3 Servo actuator feedback signal 

$ Left control line loading 

7 Right control line loading 

9 Receiver proportional differential signal 

13 Receiver AGC voltage 

11 PAM (Pulse Amplitude Modulation - sampled signals) 

1 Command light turn relay Kl 
2 Conmand left turn relay K2 
3 Lost subcarrier relay K3 
ü Receiver battery voltage 
5 Servo batteiy voltage 
6 Regulated power voltage (22 VDC) 
7 Accelerometer (either axis) 
8 Spare 
9 Lost subcarrier relay K3 

10 Suspension load 
11 Suspension load 
12 Suspeilsi^n load 
13 Suspension load   N 
lli Spare 
15 Lost subcaprier relay K3 
16 Instrumentation regulated power voltage (5 VDC) 

Marker Instrumentation battery voltage 
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EOTIROIffEHIAL EVALUATION 

GENERAL 

The CACS was to be designed to be compatible with the environmental 
requirements set forth in paragraph 7 of Change 1 to AR 705-15. The 
temperature limits for the environments specified arü as described in 
AH 705-15, paragraph 7o, 

Ccmpliance with the reqirLranent was accomplished by design and by the use of 
approved MS parts and processes. In areas in which such evidence was not 
directly available, compliance could be demonstrated either by actual test 
or by establishing similarity of hardware, materials, car processes to those 
that have demonstrated compliance with required environment. In addition 
to the above, the acceptability of certain component parts has been 
established by means of an exempt parts list (see Appendix VXI), which was 
approved by the contracting officer. In those cases in which actual tests 
are required, the specific test shall be in accordance with Mür-STTD-ölO. 

It was assumed that if major subasseablies were acceptable, then the total 
integrated system was acceptable. In line with this approach, the CACS 
was divided into two major subassembllest parawing and control unit. By 
definition, herein, the parawiog subasserably consisted of all the textile 
material components. Thus, the subdivision results in similar materials 
being grouped together for investigation. 

The following is the specific approach, discussion, and results of the 
investigation to verify the compatibility of the CACS design and equipment 
with AR 705-15, paragraph 7 of change 1, temperature requiranents. 

EWIHOlfENTAL REqmRBlENrS 

Because of the availability of the reference documents and the length of 
the description, the environmental requirements will not be presented in 
detail herein. The tests, by title, which would be used in MIL-STD-810 
Category 5, Class 6, are:     • 

1. Temperature and Pressure 
Low Temperature 
High Temperature 
Low Pressure 
Sunshine 

2, Corrosion and Erosion 
Sand and Oust 
Rain 
Humidity 
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Fungus 
Salt Fog 

3«    Mechanical 
Shock 
Vibration 

The objective of investigating the CACS as a function of the above items 
was to assure that the system is capable of reliable operation under world- 
wide operational conditions. 

PARAVriNG ASSEMBLY 

The parawing is made from nylon or polyandde, Dacron or polyester, poly- 
propylene, and polyurethane elastomer, which has been integrated into an 
enguieenng material or used by itself in the parawing fabrication.    Both 
nylon and polyester have been used in a multitude of parachute propraras in 
which the hardware has been qualified.    Therefore,  this canplete subassenbly 
has been qualified by similarity herein. 

The parawing assembly consists of a canopy and lines (part No. 10068109-1) 
deployment bag (part No. IOO68II43-I), and attachment bridle (part No. 
lOOcoUjO-1), 

As stated previously, a material and/or item that has been manulactured by, 
and certified to comply with, a ndlitaiy specification would be qualified 
for this program.    Both the deployment bag and the attachment bridle are 
made from certified material.    The process for assembling the units is in 
accordance with standard Government specification.    Therefore,  it can be 
assumed that these items will meet the environmental requirements specified 
for the CACS without detailed investigation. 

The canopy is made from nylon coated with polyuretnane elastomer.    As stated 
previously, nylon is used extensively in the manufacturing of parachutes 
However, its use as a substrate to polyurethane is not as well known.    A* 
laminate of polyester, nylon (polyaraid), and polyurethane has undergone 
extensive evaluation as part of Air Force Contract AF30(602)-l*ü81i, "Extremely 
Lightweight Inflatable  'LF' Antenna."    The tests were conducted in accor- 
dance with MIL-STD-810.    They included high and low temperature, antenna 
pressure, bounce, shock, rain, humidity, fungus,  sand and dust, sunshine, 
salt fog, wind  load, electrical, and performance tests.    Thn results ol 
these tests are presented in GEF-137373. The material as well as the result- 
ing structure meets all of the requirements. 

Polyurethane elastomer has been qualified for use in the Apollo program as 
a gas barrier for the uprighting bags.    In this particular application, the 
elastomer is used with a woven Dacron substrate.    Thus, its performance-- 
since used on a woven material—should be the same, whether nylon or Dacron 
yams are used.    The qualification test consisted of acceptance test and 
inspection, humidity, vibration, vacua« and temperature, acceleration, 
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tl^k^nHbÜIe^Si0n, ^f Pressure' operating life, burst strength verifica- 
tion, and mission simulation.    The results and a description of these tests 
iSlSb^ ^560-35 CGER-139U4),  "QualificaUon ?est ReporW^llf 
Inflatable  Flotation Bag Packs," July,  1968;  and GA556D-33  (GER-131P3) 
-Qualification Test Report Bag Pack, Infialible FloSion," if March 1967 
The units must be capable of sustaining the earth,  space/and m^ enSon- 
ments as well as launch and reentry. '    ^      » "" environ 

ScsaCt^i.pfSS C4£TdSt,lür6 m0re 8eVere ^^ ülose «^"ired for the GAGS.    Therefore, it has been concluded that the canopy and its materials 

the^SiaTd^^HoTe?"1 ^^ ^ " ^ al^iSS^ 

The lines are 2-in-l stable braid.    The braid is 1/1, inch in diameter and 
SS^^^ÄT^ 1' 1700 POUndS-    The line ^ fHbrlcatedTr.ra polyester shield and a polypropylene core. 

If^rL^^h'/friCateifr0m a P0^ster material.    The material used 
1967^ ?Z    L     t1!™** l*liCh  q^^i« to HIL-C-U3256A,  dated 25 May 

The polypropylene core has also been qualified to Mine Defense Laboratory 
Speci^cation 2l168-003A(MnL) dated 5 September 1969, entUled ^c[?JcSlon 
KS; ^E:|5SSe'^SBd ^^ NaVal WResearch J^veio^ent' 
ro^^^-hST *?   y^n0rida*    The COre i8 the sane a8 that used in the 
SlL^Sr^f   ^      ^««Pee^cation.    Therefore,  this material com- 

^rTrr^lt sptSÄ^ renUir0nent beCaU8e " *** ^ ^^ to a 

In sunmaiy    ^1 o. the materials used in the parawing subassembly either are 
S^n^mead^errnt 8p~ificati^ ™ ^e same as materlü Jhat 
tSt h^P^^t    ^ a Government specification, or are siinilar to materials 
fS? t^ Lcf    iZr-l- t0 CO!?dition8 «q^1 *c «• «orse than tnose required 
for the CAQS.    Therefore,  it can be concluded that this subassembly complies 
with the environmental requirements. "«.aeniDiy compiles 

CONTROL UNIT 

The control unit subassembly consisted of all the mechanical and electrical 
exponents.    The GFE items while contained in the control unit were not c^n- 
sidered since their acceptability had been establisned by the Amy a^d were 
supolled as qualified hardware.    As stated previously, the detaTJpSs 
list was examined, and Milita^ Standard parts or those certified bTSe 
manufacturer to comply with the MIL STD were considered to^adequL 
^•VT™0* the comP^nts was made, and an exempt parts  iSw^ 

S «^L.^636 ^ Were ^^^ t0 **** b—^ of the^on 
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An area of concern was the susceptibility of the assembly to salt fog 
requirements. In the design and fabrication of the hardware, the batteiy 
was sealed. The electrical components and connections in the logic box 
were coated with a monitor protective coating In accordance with approved 
processes (confomal coating). For the most part, the backs of the con- 
nectors and other electrical joints were potted. In addition, the complete 
system was located within an aluminum box, through which only the control 
cables passed. The antenna housing and installation area were protected 
by means of an elastomeric membrane. The only areas which could possibly 
be susceptible to salt fog were some qf the readily changeable connectors. 
As stated, these were located within the aluminum box and would, under 
normal circumstances, not be exposed. Therefore, it was concluded that 
adequate protection from  this environment had been offered the systan in 
accordance with the requirements. 

A randan unit was selected and instrumented for the hot and cold tempera- . 
♦ Jf !\    teBta were to noSitor specific voltages and cable travel 

at ambient temperature and at 105 F and "-25??, 

It had been detennined prior to the initiation or the prograk that the 
batteiy was not capable of operation in the -250F enviromeht. Therefore, 
a "aiwhad been established. However, in ord^r to obtain some additional 
data, the batteiy was to be used as the poiier source. During the fliest 
experiment, the batteiy voltage dropped below a minimum (17 volts), result- 
ing in an unstable.electrical circuit, and the servo operated In the right 
«ü?V^PeC^0n "I?1 I,,echanica1^ stopped. The batteiy'was then recharged 
and the cold portion of the test repeated. The system functioned in 
accordance with the required cable travel at all temperatures. 

The test data obtained and specific procedures used are as follows. 

A random unit that was complete and ready tor delivery was selected from 
the assembly area for the hot and cold temperature tests. Thermocouples 
were installed on the logic box, the servo ampUfier, the servo actuator, 
and the servo batteiy. The unit was then placed in the ARC-WI temperature 
chamber and connected so that the amount of pull-ih could be^measured and 
so that the various voltages and themocouples could be monitored. In 
order to facilitate operation in the automatic homing mode, the transmitter 
was connected through suitable attenuators directly to the antenna connec- 
tors on the control boot so that a left or right error signal could be 
simulated for automatic honing. Figure 27 shows the box in the chamber 
during the test. For the pull-in measurement, a 10-pound weight was sus- 
pended from the control line, and the travel was measured by means of a 
fixed scale mounted behind the cable (see Figure 28). The thermocouples 
were monitored with a six-channel IC thermocouple readout. Figure 29 
shows the test setup including the digital voltmeter used to measure the 
various voltages. For voltage monitoring purposes, a cable frm J9 on the 
control unit was brought out of the chamber to a terminal strip. 

The test proceeded as followsi 

\ 
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y 
»mM«nt tanDerature (820F) measurements of voltages and pull-in Here 
iScoSed^e cSJber temperature was Jhen increased until the themo- 
cou^lts Indicated between ^F and löO^F.    This temperature «- -xntaxned 
for U hours.    The chamber was then allowed to cool until üie thermocouples 
i^icated between 105^ and 1JX)0FJ this temperature was mamtaxned for 1 
tour.    The control system was then operated,, and the voltages and pull-in 
S measured and reconied.    The chamber was allowed to return to ambient 
Se^^a^the unit was inspected and operated at ambient temperature 
(K)t    Thi results of this test are given in Table XXI for the voltage 
measurements and in Table XXII for tiie cable travel measurements. 

The unit was then ranoved from the chamber and thoroughly inspected.    The 
SttSSi W« recharged, and the unit was replaced in the chamber for the 
cold test. . 

The test setup and test plan were the same as those use^for the high 
Mature test except that the chamber was held »t -6^ for U hours and 
thenraised to -25^ for 1 hour, and the control unit operated at -Z5F. 
Se J^ements made are recorded in Tables mil and XXIV.    The control 
system failed to operate at -2?* due to failure of the servo battery.    The 
Äy voltage draped radically after the fourth operation of the servo 
actuator.    The receiver battery voltage is also seen to be well below 
hondn&l at the cold temperature. 

After the failure, the chamber was fought back to ambient temperature, 
^d^hT^ontrol uJdt was removed a>(d thoroughly tested with no discrepancies 
noted other/than the batteiy.    Th? unit was tested ^^^ P0"?' 
and it f unc/tioned nomally.    The^ame batteries were recharged, the unit j 
was replaced in the cltonber, anÄ the ^old-tmperature test •" «PJ**^ 
An external power supply was kept on standby in case of a repeat of the 
t^tW mC buHiS systomV^oned on tte ^f ^J^8^0'   T 
the second test.    The results of'this test are given in Tables XXV and XXVI. 

Based on the initial approach of compliance by design, sljnilarity, use of 
approved or MS parts and procedures, and experimental evaluation *iere 
required, it is concluded that the unit complies with paragraph 7 of 
change 1 to AR 705-15 within the intent of this program. 

-, 
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Figure 28.    Control Cable Movement Meas urement, 
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TABLB m.    VOLTAGE MBASURamNTS, HIGH-TEMPERATURE TEST 1 

Pretest Ambient 

Loos Carriar 
Neutral 
Mao,Left 
Man. Right 
Auto Left 
Auto Right 

tl050F 

Loss Carrier 
Neutral 
Man. Left 
Man. Right 
Auto Left 
Auto Right 

Post-Test Ambient 

Loss Carrier 
Neutral 
Man. Left 
Man.Right 
Auto Left 
Auto Right 

Servo     Receiver    Regulated    Hi-Leve' 
Battery   Battery       22 VDC Pra.spt 

Relay       Servo 
Common    Feedback 

30.5U 
3CU9 
30.1,3 
30.32 
30.21 
30.16 

28,91 
28.79 
28.88 
28.78 
28.811 
28.81 

28.61* 
28.80 
28,60 
28.61 
28.6? 
28.71 

27.00 
26.82 
26,71 
26.6P 
26.62 
26.61 

2S,h 
25.12 
25.33 
25.27 
25.22 
25.11 

2lu82 
25.13 
21;. 82 
2lu8l 
21*. 87 
2ij,96 

21,6a 
21,71 
21.73 
21,75 
21,77 
21.80 

21,75 
21,88 
21,81 
21,81 
21.86 
21.87 

21.61 
21,52 
21.61 
21.61 
21.60 
21.59 

8.18 
10.72 
13.62 
8.17 

13.07 
8.69 

8.19 
10.76 
13.6U 
8.19 

13.10 
8,73 

8.11* 
10,67 
13.51 
8.10 

12,95 
8.61 

26.72 
25.70 
26.69 
26.63 
26.^6 
26.57 

25.29 
25.0U 
25.23 
25.17 
25.06 
25.05 

2U.71 
25.0U 
2U.7li 
21,73 
2lu79 
2lu87 

13,31 
10.81; 
8.56 

13.31* 
9.07 

12.81 

13.28 
10.88 
12.87 
10.61 
9.09 

12.89 

13.18 
10.90 
8.50 

13.22 
9.00 

12.75 

TABLE HU.    GABLE PULL-IN MEASÜREMEITTS,  HIGH-TEMPHttTUHE TEST 1 

Loss 
Carrier 

Pretest Ambient 2,80 

I050F 2.71; 

Post-Test Ambient        2.70 

Neutral 

0 

-0.01 

-0.05 

Manual 
Left 

2.90 

2.91; 

2.96 

Manual 
Right 

2.83 

2.76 

2.71; 

Auto 
Left 

2.28 

2.32 

2.35 

Auto 
Right 

2.23 

2.20 

2.18 
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TABLE mil.    VOLTAGE MEASÜREHEWS, LOW-TEMFERATHRK TEST ] 

Pretest Ambient 

Loss Carrier 
Neutral 
Man.Left 
Man. Right 
Auto Left 
Auto Right 

Loss Carrier 
Neutral 
Man.Left 
Man. Right 
Auto Left 
Auto Right 

^7°     SeCeiver   Regulated    Hi-Level    Relay        ^yii > 
Jattgg    Batteg 22VDC Preset      Cogn^n    FS^IJ 

10.55 
30.1ifl 
3ü.ia 
3u.31 
30.26 
3U.18 

28.57 
28.16 
27.90 
27.79 
13.30 

26.1,8 
26.1.0 
26.30 
26.13 
26.OI4 
25.91 

22.7a 
22.38 
22.28 
22.17 
22.00 

21.62 
21.70 
21.71* 
21.77 
21.78 
21.79 

22.57 
20.38 
20.142 
20.I1I 
12.51 

8.15 
lu.7li 
13.61 
8.16 

13.06 
8.69 

7.66 
10.10 
12.78 
7.67 
a.98 

26.31, 
26.30 
26.19 
26.0I4 
25« 914 
25.81 

22.38 
22.31 
22.18 
22.10 
21.92 

^"AäT^r10** di8<,h^ed; "^ *****' 

13.13 
11.10 
8.55 

13.32 
9.06 

12.87 

12.51 
10.60 
8.18 

12.60 
5.55 

_.    TABLE XXIV.    CABLE PDLT^TN MEASUREMENTS.  UM-TUKPERATim,. rpcrr } 

Loss 
Carrier  Neutral 

Manual  Manual  Auto  Auto 
Left   Right   T.Pft.  R-i^v,* 

Pretest Anbient 2.75' 0 2.914 2.83 

 —p    _ 

2.31    2.23 
-250F 2.76 -0.09 2.88 2.86 Failed,  right 

cable into 
stop 

Post-Test Anbient 
(on eart* power) 

2.72 -0.09 ?.98 2.76 2.36    2,142 
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TABLE XXV. VOLTAGE MEASUREMENTS, LOW-TEMPERATDRE TEST 2 

Servo 
Battery 

Receiver 
Battery 

Regulated 
22 VDC 

Hi-Level 
Preset 

Relay 
Common 

Servo 
Feedback 

Pretest Ambient 

28.78 
28.79 
28.79 
28.80 

28.77 
28.Ul 
28.26 
28.08 
27.95 
27.75 

29.U6 
29.20 
28.62 
28.56 
28.67 
29.27 

25.01 
25.01 
25.01 
25.01 

2U.03 
23.72 
23.55 
23.3U 
23.21 
23.01 

2h.50 
2U.12 
21.Oh 
2U.50 
23.90 
2h.20 

21.6h 
21.66 
21.69 
21.70 

20.37 
20.U7 
2u.h9 
20.50 
20.U9 
20.19 

21.50 
21.52 
21.U9 
21.U6 
21.19 
21.50 

8.19 
10.79 
13.59 

8.17 

7.68 
10.15 
12.82 
7.70 

12.28 
8.18 

8.05 
10.63 
13.38 
8.06 

12.88 
8.58 

2lu93 
2U.9h 
21.95 
2h.9h 

23.8h 
23.6U 
23.U7 
23.27 
23.1U 
22.9U 

2U.38 
2h.0h 
23.96 
23.92 
23.82 
23.12 

13.2h 
11.00 
8.56 

13.28 

12.58 
10.1*9 

8.19 
12.63 
8.67 

12.20 

12.75 
10.09 
8.57 

13.17 
8.9U 

12,60 

Loss Carrier 
Neutral 
Man. Left 
Man. Right 

.250F 

Loss Carrier 
Neutral 
Man. Left 
Man. Right 
Auto Left 
Auto Right 

JPost-Test Ambient 

Lees Carrier 
Neutral 
Man. Left 
Man. Right 
Auto Left 
Auto Right 

TABLE U«i. CABLE PULL-IN MEASUREMENTS,  LOW-TEMreHATUHE TEST 2 

Loss                             Manaal 
Carrier      Neutral        Left 

Manual 
Right 

Auto 
Left 

Auto 
Right 

Pretest Ambient            2.75 

-250K                                2.78 

Post-Test Ambient        2.78 

0                2.92 

-0.06          2.9h 

-0.09         2.93 

2.83 

2.80 

2.8U 

2.36 

2.3U 

2.31 

2.25 

2.20 

2.2h 
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CONCLUSIONS 

At the initiation of this effort, a requirement existed for a system 
which could deliver up to 500 pounds ii'  payload, by air, to ground under 
all weather conditions, during any time of the day or night, and under a 
wide range of battlefield conditions with increased aircraft safety. It 
is concluded that the system developed and reported herein is ready for 
use by the Army; is the first major innovation in cargo deliveiy; provides 
aircraft safety, all-weather capability, and clandestine delivery with 
pinpoint accuracy. 

It is concluded that significant technology advancements were made. It 
is also concluded that a well performing base-line vehicle is now 
available for the testing of new concepts and ideas by which future 
improvements or changes can be Judged. 
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RECdMEMDATIONS 

Based on the experience gained during the program and in line with the 
Army requirements, it is  recommended that a system be developed for the 
1000- to 2000-poimd payload range. In addition, it is recommended that 
a value engineering effort commence to reduce the cost of the total 
aystan as well as a review of the system requirements to establish the 
areas in which increased performance is not worth the increased equipment 
cost. The integration of the last two efforts would result in a system 
able to meet the major Array requirements at a very reasonable price. 

As is always the caae in the development of an initial system from a new 
technology, many areas for research become apparent. These areas of 
research are necessary for major advancement in the concept. Areas 
requiring investigation and In which it is recommended that woric be con- 
ducted are wind-tunnel evaluation of wing shapes, dynamics of deployment, 
theory of reefing and reefing techniques, and method of stress analysis. 
Many more area« of technology can be examined for technology advance- 
ment; however, enough technology exists to advance to a 2000-pomid system. 

The major recomendation is to conmence the 2000-pound system develop- 
ment to assure its availability to the Ai«y in the least amount of time. 
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APPENDIX I 
AERODYNAMIC ANALYSIS 

INTRCDTJCTION —————— ^ 

A preflight aeroc^namic analysis of the single-keel,  all-flexible parawing 
cargo delivery system was made to define several performance characteris- 
tics of the all-flexible parawing as required by contract definition. 
They include maximum L/t) attainable, effects of pay load drag on L/D, ver- 
tical descent rate, and a lateral control capability,   -The analysis is 
based primarily on wind-tunnel data, due to the limited amount of flight 
test data available,    A detailed planform diagram including the location 
of the keel and leading-edge lines is shown in Figure 30,    Use of a 
catenary-keel panel will reduce the number of keel lines required from 11 
to 6,    For trim flight, the current method of rigging a single-keel cargo- 
carrying parawing has evolved from a series of test flights conducted by 
NASA-LrtC, USAAVIABS at Fort Eustis, and Goodyear Aerospace Corporation 
during the past several years.    The present single-keel parawing configu- 
ration with its line lengths and tension coefficients, as determined 
during these preliminary tests, is shown in Figure 31.    Also shown is a 
preliminary estimate of the changes to be expected for the addition of a 
catenary-keel panel.    Figures 32 through 37 are the parametric curves used 
to define an operational parawing cargo delivery system.    These curves 
include the following parameters: 

1, Resultant velocity versus dynamic pressure 
2, Wing olanform area versus keel length 
3, Wing planform area versus payload wei^it versus wing loading 
h. Payload weight versus keel length versus wing loading 
5, Payload weight versus keel length versus resultant velocity 
6, Velocity versus L/D versus wing loading 

LA» CHARACTERISTICS 

While a maximum L/D for the parawing is the most desirable, this also pro- 
duces a system with the maximum response sensitivity to control forces and 
movement.    Several variables determine the highest L/D attainable by an 
all-flexible parawing system.    These include line rigging, canopy planforms 
and inflated shapes,  oayload configuration, and system geometry.    Canopy 
planforms and inflated shapes have been studied extensively in the wind 
tunnel,  and an optimum layout having a sweep angle  of US degrees with a 
1/8 Lß nose cutoff has been standardized (see Figure 31)  for the single - 
keel parawing. 

The next most important variable in designing a parawing system is the 
line rigging,which also affects the inflated shape. 
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The rigging which produced the maximum I/D during wind-tunnel tests was 
used as a baseline for the free-flight tests.    The lines were then 
adjusted to obtain the best overall perfomance.    The other important 
variable in determining best overall performance is the drag of the payload 
due to its shape.    The wind-tunnel L/D does not include this.    Si?.e and 
shape of the payload will determine the final net L/D and the overall 
performance. 

Wind-tunnel tests of the all-flexible single-keel parawinps used in ohis 
program have shown that a maxlnum L/D of 2.7 is obtainable at dynamic pres- 
sures near 2.0 with no payload or control box included.    The control boot 
haa been designed for a minimum drag using rounded edges and a minimum for- 
ward projected surface.   All payload drag estimates have been based on 
standard shapes which can be fitted into an Amy A21 cajwas container.    The 
payload shapes and their associated drag coefficients which were considered 
in this analysis are shown in Figure 38. 

The estimated L/D characteristics of the single-keel par awing, includii« the 
r^ae ^?-tion frar' the CO1*1"0! b<a and payload, are shown in Figures 39 and 
kO.    Effective flight L/D based on the premise tiiat the parawing system 
will move along an S-shaped trajectory along the horizontal plane with a 
rraximum deviation from the target of +10 degrees reduces the L/D by 1.5 
percent.    These theoretical estimateslndicate that the single-keel para- 
wing system under development will exceed the contract performance 
effective L/D requirement and will approach the design objective of 2.^. 
The twin-keel parawing is expected to increase the L/D by at least 20 
percent.    For this parawing system with L/D between 2.3 and 2.7, the 
vertical descent rate will be approximately 20 feet per second. 

The effect of wind on the glide path is shown in Figure 1*1,    This figure 
is a plot of the horizontal-to-vertical velocity ratio (VHFAV) versus the 
ratio of the wind velocity to the resultant glide velocity (VU/VR) for 
various values of L/D.    It is apparent from this figure that a high L/D 
and a high glide velocity are desirable to penetrate winds. 

LATERAL CONTROL 

Control of the all-flexible parawing Delivery system is limited entirely 
to lateral control using the technique of controlling the length of the 
aft leading-edge lines.    The amount of length adjustment required for the 
desired control varies greatly between wind-tunnel and free flight avail- 
able data as shown in Figures 1*2 and L3. 

Data obtained from the early flight tests at Fort Kustis Is shown in 
Figures hh and h5.    These figures show control line displacement versus 
tine for a 360-Qegree turn with a wing loading of 0,7.    Figure HS was 
used in determining the flight bank angle in conjunction with the following 
analytical technique. 
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The turning radius and time to turn 360 degrees «ay be computed from 

g tanj, (3) 

wnere       R - turning radius in feet 

\ - velocity in feet per second 

g - acceleration due to gravity in feet per second per second 

\p ■ bank angle 

217 R 

where       t - tjjne to turn 360 degrees 

The turning radius and the tlae to make a ^ÄO-H««^. +„,». —     1  4     J .. 

Th. «Xü™ „,„„ m PO11 „#, j. „„^ ^ ^ ^ d^f .^ ^ 
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.177 LK 

(typical) 

% - .177 1^ 

(typ) 

-    b0 = 1,1a LR 

Figure 30.    Model of Parawing Having Ao« hf and 1/8 1^ 
Nose Cat off. 
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Figure 32,    Resultant Velocity Versus Dyromie Pressure, 
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Figure 33. Wing Planform Area Versus Keel Length, 
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Figure U0,    18-Foot Single Keel Parawing Performance. 

132 



L/D 

Figure la.    Effect of Ground Wind on Glide P&th , 
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APPENDIX H 
PARAWING WIND-TÜNNEL TESTo 

SIMKARY 

GAC, in conjunction with NASA-LRC personnel, conducted a li-day preliminary 
flight test program in the 30' x 60» full-scale tunnel. 

The purpose of this program was to trim out, for flight, five variations of 
parawings. These included one each of the following items: 

1. Standard single-keel parawing 
2. Single-catenary-keel parawing 
3. Twin-keel parawing - center area - 1/3 total area 
h,    Twin-catenary-keel parawing - center area - 1/3 total area 
5. Twin-catenaiy-keel parawing - center area - 1/2 total area 

Due to the limited time available, optimization of L/D performance was 
not attained. All five parawings were flown and trimmBd out with data 
taken at wind speeds from 35-60 feet per second, (Wing loadings from 
1.1t to U.05 pounds per foot2 wer» displayed.) The data obtained fits the 
pattorn of previously published data obtained in this wind tunnel, la 
addition, two systems of rigging the parawing to the payload were tasted 
with no apparent difference. The rigging established was very close to the 
lias lengths shown on the preliminary drawings used to fabricate these 
first parawings. 

IOTR0DUCTION 

GAG conducted a l^-day preliminaiy flight test program in the Langley full- 
scale 30» x 60» wind tunnel on several all-flexible parawing configura- 
tions. The purpose of this flight test program was to study comparative 
performance of several parawing configurations and to evaluate various 
payload rigging technique»?. The results of this program were used la 
the initial phase of the GAGS flight test program. 

Both single-and twin-keel, full-scale parawings were tested, with and without 
catenary-keel panels. All configurations were trimmed out, and a minor 
effort wa,«» made to optimize the L/D due to the lindted duration of the test 
program. 

This appendix documents the results of the parawing test program condueted 
by GAC and NASA personnel during the period 6-11 June 1968. Included are 
descriptions of the test, plots of the reduced data, and GAG's interpreta- 
tions of the test program results. 
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TEST PROCEDURE 

All tests were conducted in the open throat section of the Langley full- 
scale 30' x 60' wind tunnel, A tunnel speed of 35 feet per second was 
required to fly the parawings and to overcome the weight of the canopy 
material and steel suspension lines (approximately 50 pounds). Once the 
parawing was inflated, the line lengths were adjusted until a stable trim 
condition existed. Initial line length adjustments were made manually, 
while final changes were accomplished using tumbuckles. Some manual 
assistance was required in stabilizing the parawing until a triuned condi- 
tion was obtained. 

All initial test runs were conducted at a tunnel speed of 35 feet per 
second. Additional runs were made at tunnel speeds of 1*0, U5, 50, 55, and 
60 feet per second. If the nose would tend to buckle under at higher 
velocities, the tests were stopped, and additional rigging changes were 
attempted« Flow dynamic pressures of l.U up to U.05 were obtained during 
the test runs. During all tests, lift and drag data was obtained for later 
reduction. Tares were obtained before and after each set of runs to insure 
data accuracy. At the conclusion of the test program, a dynamic pressure 
survey of the test section was made to determine any adverse effects due 
to the open section on the tunnel floor. No flow field variations were 
found; thus, the tunnel flow was assumed to be horizontal« 

DESCRIPTION OF PARAWINGS TESTED 

Six parawing configurations, including three single and three twin keel, 
were tested«including five actual parawings. Figure 50 shows the canopy 
shapes obtained during the test program. Figure 51 is the twin-catenary- 
keel parawing showing the test setup. 

A summary of the important physical features of the parawings tested is 
presented in Table XXVII« 

PHYSICAL CHARACTERISTICS OF THE TABIE XXVH« 
PARAWINGS TESTED AT THE WIND TUNNEL 

Typo Catenary H SRBP No. of Suspension Lines 

Single No 18 220 23 
Single Yes 18 220 18 
Single Yes 16 180 18 
Twin Yes 16 270 2U 
Twin No 16 270 3U 
Twin Yes 16 370 2h 
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All parav/ings were rigged to a model of the actual flight control box. 
Leading-edge lines were suspended from the sides of the control box wnile 
the keel line suspension was changed.    Two methods of rigging the keel 
lines were used with no apparent effect on the performance of the para- 
wings.    The first attached the keel lines alternately from the front and 
rear suspension points, while the second added an additional No. U keel line 
to allow for rigid forward and aft rigging as shown in Figure 52. 

#1 f2 

Figure 52. Keel Rigging for Wind-Turmel Testa 

Jill suspension lines were of l/8-lnch-diameter steel cable to eliminate the 
line stretch as one variable in the tests. 

PRESEOTATION OF DATA 

The reduced data, which includes lift-to-drag ratio (L/b), lift coefficient 
(CL), and drag coefficient (CD), is presented in Figures 53 through 57. 
Lift-to-drag ratio is shown in Figures 53» Sk,  and 55 as a function of, 
dynamic pressure for each configuration tested. Lift and drag coefficients 
in the drag polar fom are presented in Figures 56 and 57 for both the 
single-and twin-4ceel parawings tested. Line lengths which correspond to 
the best trimmed condition obtained for each configuration are listed in 
Table XXVIII,      / 

/   • --'"■; 
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DISCUSSION OF TEST RESULTS 

The parawing wind-tunnel test results have established that the performance 
characteristics of the parawings tested compared favorably with those 
obtained by Northrop Ventura on their 15-foot keel length models. These 
facts were established with the assistance of NASA wind-tunnel personnel 
during the test program. Due to the short duration of the test program, 
no significant attempt was made to vary the lengths of the keel and aft 
lines in a systematic process to optimize L/D. Therefore, major emphasis 
was placed on the adjustment of line lengths to obtain a trimmed configu- 
ration with a smooth canopy surface. The results presented then are not 
representative of optimum performance. 

Figures 53, 5U, and 55 show l/b characteristics obtained for each single- 
and twin-keel parawing tested. Shown in Figures 53, 5U, and 55 is the 
relative comparison between the single-keel parawing with and without a 
catenary, Nö significant differences are evident in the Performance char- 
acteristics between the two wingsj however, an examination of Table iiVixi, 
which lists the line lengths of the two wings,has shown that a 2-percent 
shortening of the tip lines on the catenary-keel parawing was made. Pre- 
vious wind-tunnel results have shown that a shortening of the tip lines 
would increase L/D approximately 10 percent. If this rule is adhered to, 
then, based on the data presented, it is concluded that the catenaiy-keel 
panel will slightly degrade performance. This could occur because of the 
added drag on the catenary-keel panel and a change in the flow character- 
istics over the nose region« Figure 53 also shows that the weight of the 
steel lines in the nose was detrimental in that the lightly loaded nose 
tips were pulled down, thus degrading performance. It was concluded that 
lightweight nylon lines should be used in the nose region to obtain an 
laproved trinmed configuration. 

Also shown in Figure 53 is the effect of a modified rigging technique in 
which the keel lines were not alternately attached to the front and rear 
suspension points. The modified rigging had the Nos, 1, 2, 3, and U keel 
lines attached to the forward suspension point. The Nos. U, 5, and 6 keel 
lines were attached to the rear or aft suspension point. No significant 
line length changes in the keel panel were required to trim out this con- 
figuration and no significant performance changes were noted. The slight 
reduction in l/H is within the data accuracy of the test. 

Figures 56 and 57, which are drag polar curves of the aerodynamic coeffi- 
cients C^ and Cj), show that the single-keel parawing test results did give 
consistent data. Comparison of this drag polar curve with other wind-tunnel 
data on single-keel parawings as furnished by MSA-iangley tunnel personnel 
during the test program showed that the data did compare favorably. This 
data showed that a true optimum L/D was not obtained. There appeared to be 
no reason why higher L/D's could not be obtained had the test program dura- 
tion been longer. 

The reduced data on the twin^ceel parawing is presented in Figures 5U, 55, 
and 57, L/D characteristics of the small twin-keel parawing (see Figure 5U) 
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with and without a catenarv-JfPPi   r,^nt  u 
perfonnance to the sllluZeTco^lTtloTTT'1 ^^08^ trend in 
lengths of the two twin-keel paraSnlTh««^L A

n
c?raParison of the line 

ences except that the aft teel^T^ ^    revealed no major differ- 
the catenary-keel version.    ^-"Lln^T^^'^ 3 percent shorter for 
shortening of the aft keel iSe decLSed't Ä^1 ^^ haVe shown ^^t a 
showed only about a 5-percent^educUon in ^n ^ Ff^'    The da^ 
catenajy-keel panel did not decade oSfil7 * ^ lndlcated ^at the 
fomance on the twin-keel paraSng    ^l^l™ i?ftead im^ov^ P**- 
twin-keel parawlng was the higSst oht.^^ / ^ 0n the high-aspect-ratio 
Figure 57, which is a drag po£ of tJf S   ^^g the test P^^- 
pared to that of other twfnSeS iLnl tW^n-keel ^figurations, was com- 
with no significant SfSe'Sfbe^n^008 ^^^ in the ^ ^el, 

the test results. ReksoL f^ 8^^^^ pressure
/

w« evident fro« 
ent but could be due to the nose tur^f de^asing with L/D are not apoar- 
of the wing to stall. UCkine Under and the subsequent tendency 

Table^XXlX presents a su.nna.y of the data obtained during the wind-tunnel 
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TABLE XXIX. PARAWING WIND-TUNNEL FLIGHT TEST RESULTS 

lun Velocity q Lift Drag 
fo. Configuration (Ft/Sec) (PSF) (Lbs) (Lbs) L/D 

1 Reefed Twin-Catenary Keel 
(TCK) Sp - 180 Pt2 

35 1.U 309 107 2.89 

2 n ho 1.8U 30U 1U3 2.12 
3 2 hS 2.36 353 16U 2.16 
h TCK Sp - 270 Pt 35 1.U3 3UU.5 137 2.52 
5 n Uo 1.91 U87.5 182 2.68 
6 n U5 2.U 562 237 2.38 
7 n 50 . ^.89 665.5 292 2.28 
8 n Uo 1.8 U79 201 2.38 
9 n U5 2.29 61U 256 2.U 
10 n 50 2.89 7UU 313 2.38 
11 it 55 3.U1 901 382 2.36 
12 n 60 U.02 10U6 UU9 2.33 
13 it UO 1.8 U63 186 2.U9 
Hi n U5 2.29 575 229 2.51 
15 it Uo 1.8U U75 197 2.U2 
16 it U5 2.33 596 2U8 2.U 
17 n 35 1.U 359 152 2.36 
18 "   2 UO 1.8U U68 19U 2.U2 
19 TK Sp - 270 Ft Uo 1.82 U82 187 2.58 
20 it U5 2.33 609 237 2.56 
21 it 5o 2.8U 721 278 2.6 
22 n 55 3.5 903 3U3 2.63 
23 it Uo 1.8 U77 19U 2.U6 
2li n U5 2.3U 597 262 2.28 
25 it 5o 2.82 71U 290 2.U6 
26 Single-Catenary Keel. 

(SCK) Sp - 220 Ft2 
35 1.36 276 127 2.18 

2r n Uü 1.8 359 178 2.02 
28 n U5 2.29 UU9 237 1.9 
29 it 35 1.38 283 130 2.18 
30 it UO 1.8 363 167 2.18 
31 n 

SCK Sp - 220 Ft2 
U5 2.29 UU9 201 2.2U 

32 35 1.33 279 130 2.15 
33 it UO 1.78 366 170 2.16 
3li it U5 2.29 U65 210 2.21 
35 it 50 2.75 5U7 250 2.19 
36 SK S- - 220 FT 35 1.35 282 1U2 1.99 
37 r    it Uo 1.78 367 176 2.08 
38 n U5 2.26 U67  ^ 222 2.1 
39 n 35 l.U 272 121 2.25 
Uo it Uo 1.8U 337 155 2.18 
Ul n U5 2.31 U31 19U 2.22 
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U3 
hh 
U5 
U6 
U7 
19 
U9 
50 
51 
52 

TABLE XXIX - Continued 

Configuration 
Velocity 
(Ft/Sec) 

U2  High-Aspect-Ratio 
TCK Sp 370 Ft' 

n 
n 
It 
n 
n 
i» 

n 
n 
n 

35 

UO 
15 
35 
Uo 
35 
UO 
U5 
35 
Uo 
U5 

q 
(PSF) 

Lift 
(Lbs) 

1.36  U36 

1.8 
2.29 
1.36 
1.78^ 
1.36* 
1.8 
2.29 
1.36 
1.78 
2.33 

Drag 
(Lbs) L/D 

17U   2.51 

56U 218 2.59 
727 279 2.6 
U31 158 2.73 
5UU 200 2.72 
U19 167 2.51 
5U7 21U 2.56 
685 268 2.56 
U18 162 2.58 
5U6 213 2.56 
695 268 2.59 
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APPENDIX III 
STRESS ANALYSTS 

IWmODllCTION 

Parading.    Prom this basiTinil^sI!   t^S?^ ^ f"? 0n the 8i^l«-lael 
for the tartn-toal »li^ ThTSSji-^T!^ CÄlcul*tion« «re done 
keel length of 18 fee?, ha^igTStll ^S^!   ^ a fingle' ^^tieal 
feet.    The s ingle-keel DM^Sn A nf^ 9     fCe area* ^^ of 220 aq«»" 
and the totaTfysterieiS^nflSiJX"810!1 ^T ^ighed 20 P^«* 
t-in keel had iSurtiTf^*?^^^*?* ™ ™ Pounds,  'ihe 
length of 16 feet.    Included a«. I-w?ü?       ^ "^ a theoretical keel 
and cano^ loading aÄX^Ät nS a^ds1.'0 g ^^^ line 

(SNEHAL 

wing ehape during descMt^e mS? S^i^0^    ^"»«J^tly, for the 
aents.    A sünplified theow^Jcal^L^^7 ^^ on «^^»ntal men^upo- 
stxuctural «S^f S^^'^^^Jf "'»^ to ^e th. 
aa the length of the auaperniralfn^^^   ^ When 80,lle Pan^ters (auch 
wind presauxe, etc.) ^T^e cÄ    Ih^oi!£'""*,' ^ dynaBic 

on the aaaumption that the leadinfSJ« ^! following analysis is based 
that the angle of attack is'Ä^^^1^ freight llnea, and 
jakes with the path alo^ whiS Ä^SiSJ8 ^ ^ ^ leading ed«ea 

the suspenaion line lengths have to S mnlfi? f * -, • ^h thi8 »«s^Ptlon, 
other requii«nents of thT^pJlL     S« ^i?80 8ll8ht^ ™ confon, to 
each lobe being a portio^ oT^cI^s^S Cs8e8e^g^

t,58tbed ^^ 

AIRLOAD DI3TRIBUTIÜN 

The component of the airload nomal to th» ««^«^ 
lütted aymetrically in each loS L^h??' ^   ^"f iS assumed *> ** trans- 
distribution in tte nSb«™ S L^J5 ♦ ^^ edgeS and keel-    The load in Figure 59. "^««e is assumed to be triangular in shape as shown 

S: JeTuÄ/I; £ ^ ^ airl0ad' ^ ^ -^d to the location of 

a' - 3a - 1 (5) 

and thr^^\t^ JJ Äu^S6" ^ reSUltant l0ad l0Cati0n 

v.'r 
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Control Systen - 60# 

30" Cube Payload 
Equals 500# 

* 27» 

H " 2l6" 

-4 4 -4 ^ ^ 
10        11       12 

3^ Lines Equally Spaced 

J7 

y   v. / 

?igare 58, Sketch of Inflated Single-Keel Wing and Sketch 
Plan View of Sincle-Keel Win« (Flat Pattern), 

156 



t 

Figure 59. Mnfcrane Airload Distribution, 

load diagram 

Figure 60, Plan View of Inflated Parawing. 
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™^ 

a ■ iL 

(8) 

cos2 g (6) 

attack as outlined if Rrfe^c, ? (L^SK    ^ 1^°' angle 2^ 
.0^535, and 0.531 for anglea of attaS ~ 25   U   ^frfi™ aa 0-57li' 

The Cp for an angle of attack (ol) of 27.5 de^eSfif   egree8 re8Pectiv^. 

Cp - O.0OO2067CC 2 - 0.0163025Ö«:   + 0.85238 (7) 

Cp - 0.560 

1/2 qo' LK - WtA (9) 

^'Vt/2h (10) 

SetSfofL^^lng1^ SrnliolV811^ 8i^^ance that 
-I ^    The ^S Ät^rSe" S-? Shi Sl^n^eielnt/0" 

K^? p 500 lbs Control Box 6o ^ 
Parawing & Suspension Lines 20 Iba 

Wt    -   580 lbs 

Then,from equation (10), 

^ 580 
^ - y x 1H x 12 (11) 

q^ - 1.3125 lb/in (^ 

: 
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PARA1VING CTIOMETRIC RELATIONSHIPS 

nng zo figure 61,    the following relationships can be establisheds 

Arc ABC - 21^ siR 00,50 

Arc ABC « R (TT + 2 0) 

tan 0 ■ r/h 

tan 0 - r/S^ 

Ic - % cos 22.5° 

Equating equations (13) and (ll^, we obtain 

2 LK sin 22.5 - l(Tr + 2 0) 

Dividing equation (18) by equation (15), we obtain • 

# g LK sin 22.5° 

tan0 h('n' + 2 ^ (19) 

Let 

(13) 

(1U) 

(15) 

(16) 

(17) 

(18) 

^ -ir + 2 0 

Equation (1$  yields 

-ß cot p/2 = 2 LK sin 22.5% 

(20) 

(21) 

Also from wind-tunnel data* the distance oJ ^ contra iLfr^f^^' 
of the leading edges is assumed to be I.2S IT   Farth^ ^JÜ Pl&ne 

center of gravity of the system must be on a S^ticS S^ S^vS* ^ 
figuration can be established as shown in Flg^e 62 ' yatm COn" 
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Flat Pattern 

i'.: 

Figure 61, Parawing Geometric Relationships. 
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Figure 62, Parawing gystem Coordinate Planforra , 
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Using the theoretical nose of the parawing as the origin of the coordinate 
system x, y, and z, as   shown in Figure 62, the coordinates of cable attach 
points to both the parawing and the control box can be determined.    Rpom 
this   lata, suspension line direction cosines can be determined.    The sus- 
pension lines are oriented such that the starboard leading-edge lines attach 
to the starboard side of the control box, and the port lines attach to the 
port side of the box.    Keel line No. 7 attaches to the forward end of the 
control box, with each subsequent line alternating between attachment to 
the aft and forward end of the box. 

Prom Figure 62it will be noted that h = 1.2li5 LR.    Then from equation (21) 

-ßoot£m —L- (0.38268) - 0.611,75 (22) 

from which 

ß -   199° - 59' (23) 

Then from equation (20), 

0 - ^^   - 9° - 59.5' (2k) 
2 

Using the values forß  and p obtained in equations (23) and (2lj.), values 
for R, Lc, 0, and a can be determined from equations (lf>), (17), (16), and 
(6) respectively, 

r = 1.2U5 LK tan 9° - 59.5«  - 1*7.38 in. (2$) 

1^, - 216 x .92388 - 200 in. (26) 

O.tan"1 (SM) -13° - 20« (27) 

"l?m        - .591 , (28) 
(,9730h)2 

The coordinates for line attachment locations on the control box are 
determined as follows. 
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xi ^ x*  cos 26 (37) 

Xi = x± (Ul) 

163 

XD    -    CpLK + 1.2U5 LK cot T = lli3.9 in. (29) 

YD    -    10.2  in. 
(30) 

2j    -    1.21,5 LK - 268.9 in. (n) 

h ' ^.9 - 10 11/16 cos^  -i)  m 133,3  ±nm (32) 

YE - Yp    =0 (33) 

Zg - 268.9 + 10 11/16 sin(oc - ^ ) . 269.S in. (3U) 

XF - 1U3.9 + 10 11/16 cos(oc . i)  - 1^.5 in. 

ZF - 268.9 - 10 11/16 sin(ac  - Jj' )  = 269.0 in. (36) 

Doints^lonfthr/T ^T 62) f0r the ^P^^ion line attachment Doints alonp the leading Pdf^e ar* determined by the expression 

(35) 

xi = 0.8936 xi (38j 

vrbero xi is  the distance  of the ooint under consideration from the aoev of 
the narawing measured alonR the  leading edge. 

The Y coordinates of the eame points can be expressed as 

\ " y[ s±n re (39) | 

Yi = 0.^88 y[ (Uo) 

Th- Z  coordinate? for all noint?  alrng the  leadinr edge are  zero. 



where xi is the distance of the keel attachment from the apex. The Y 
coordinates are zero. The Z coordinates can be expressed as (see Figure 62) 

7, 
i 

- ^ sin 20 

Z±    = -.075 Xi 

(U2) 

(U3) 

Table XXZ sunmarizes these values. 

TABLE XXX. COCRDINATES OF SUSPENSION 
LINE ATTACHMENT POINTS 

Line Attachment 

 ^— 

Point 

Coordinates of Attachment Point 

X Y z 

Control Package D 1U3.9 10.2 268.9 
E 133.3 0 269.8 

F I51i.5 0 269.0 

Leading Edge 1 3U.1 12.1 0 
2 65.9 23.3 0 
3 97.7 3U.7 0 
u 129.5 U5.9 0 
5 161.2 57.2 0 
6 193.0 68.5 0 

Keel 7 27.0 0 - 2.0 

8 U5.9 0 - 3.U 

9 6U.8 0 -Ii.9 
10 83.7 0 -6.3 

11 102.7 0 - 7.7 
12 121.5 0 - 9.1 

13 UiO.U 0 -10.5 

11 159.3 0 -11.9 

15 173.2 0 -13.U 

16 197.1 0 -lli.8 

17 216.0 0 -16.? 
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Uainp the expressions for the determination of the suspension line coord- 
dinates, the line lengths and direction cosines can be determined. These 
values are summarized in Table XXXI* 

CANOPY AND SÜSPEWSION LINE LOADS FOR 1.0 g LOADING 

The load distribution shown in Figure 63 is distributed along the leading 
edge and keel. The load is then distributed to the line attachment points, 
and line loads and wing canopy loads are determined at tftese points. Prom 
equations (5) and (28), 

a' - 3 X .591 - 1 - .773 M) 

and 

q^ - 1.3U25 lb/in. (U5) 

from equation (12), 

From the above equations, the area of the triangles and trapeaoids (air- 
loads) can be found and distributed equally at each attachment point 
(see Tables XXXII and XXXIII). 

Of the forces in Tables XXXII and XXXUI, those applied at points on the 
keel are parallel to the unit vector (0,0,1), and those applied at points 
on the leading edge are parallel to the unit vector (sin 20 sin 0, 
-sin 20 cos 0, cos 20) or (0.07881, -0.33657, 0.93979). 

The tensions in the suspension lines may be found from the direction cosines 
of the lines and the loads of Tables XXXII and XXXIII and their direction 
as follows: lettalbe the canopy load (pounds) taken by a certain line and 
? b« a vector (see Figure 61»). Then for equilibrium along the line, 

Y • S -|i| (U6) 

or 

\t[*  x, «l.-laI (1*7) 
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1,1*1:7 ¥ln       

,592C */n 

.3071 #/'•- 
0- 

a^ = 1.3U25 

.97U6 #/" 

,176ß     .Uli     I   .5060     ! .6706   J.3-52 

-i ^ 

5 6 

.00 

(a)    Leadinp-Edre Load Distribution 

2.5ir-l7 ^7"   — 
2.2s?e #/" 

1.95?6 ^Z" 

l,6hoc #/" 

1.3l'/0 f" 
1.0L20 #/« 

,73Si /-/••• i       ; 

.Ii3)i2 #/" i      i 

7 P, 

qo - 2.685 

    2,0700 

1,0350 

I     \ 

'Ha ! 

9       10     .11     12      13        lli   15     jL6      17 

.-u;0   ^.212^.^.3^^150^.5^.650^737^.8^50.50251.000 

(b)    Keel Load Distribution 

Flijure 63,    Lond distribution of Single-Keel ParawlnK, 
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TABLE mil/   CAMOPY LOADS IN HOOP DIRECTION 
 AT LEADING EDGE  (PEF.  FTGUgg  63) 

Load 
1     Point 
t- 

0 

1 

2 

3 

u 
La 

5 

6 

(Lbs/In.) 

0 

.3071 

.5929 

.8788 

1.16U7 

1.3U25 

.97146 

0 

38.19 

35.55 

35.55 

35.55 

22.12 

13.13 

35.60 

5.86 

16.00 

26.16 

36.32 

27.73* 

15.56 

17.35 

0 

13.86 

2I.08 

31.21 

39.81 

30.32 

8.68 

Total lWi.99 

Distributed «ntirelv to attachment point 1 

Distributed equally to attachment points Ii and 5 

/■" 
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TABUE XmH. CANOPY LOADS IN HOOP DIRECTION 

Load 
Point 

0 

7 

8 

9 

10 

11 

12 

13 

Ha 

Ilia 

15 

16 

17 

AT THE KEELS (REF.  FIGURE 6?) 

CLbs/lri) 

,h3h2 

.7381 

1.0120 

1.3li60 

1.61i99 

1.9538 

2.2578 

2.5617 

2.685 

2.070 

2.0350 

0 

27.00 

18.9 

18.9 

18.9 

18.9 

18.9 

18.9 

18.9 

7.67 

11.23 

18.9. 

18.9 

5.86 

11.08 

16.82 

22.57 

28.31 

3U.05 

39.80 

U5.5U 

20.12* 

2li.l9 

29.3U 

9.78 

.** 

« 
Distributed entirely to attachment point 7 

Distributed eauaUy to attachment points lii and 15 

Pi 

0 

n.U) 

13.95 

19.70 

25.1*1! 

31.12 

36.93 

li2.67 

hh.93 

36.83 

19.56 

U.89 

L59 

1 

,.' 

'■ 



y 

a  (unit a ) 

Fipure 6h 

fron trhich 

k' 
DL-nensional Layout of   Suspension l/.ne Loading 

cos t (li8) 

j 

where   ft   is the anple between the  line under consideration and the corre- 
sponding unit vector—either (0,0,1) for keel points or (0.07881. -0.33657. 
0.9^979)  for L. E. points, -      .      * 

Using the loads of Tables mil and IXXIII and the direction cosines from 
Table XXXI.the axial loads in the lines may be found as followsi 

Loads  in suspension  lines under 1,0 gi 

1 
2 
3 
li 

13 
21 
31 
39 

5 3C 
6 8 
7 11 
g 
9 

13 
1° 

10 25 
11 31 
12 35 
13 \x2. 
lli   I!. 
15 36. 
16 19. 
17 h. 

.86 
,08 
,2a 
.81 

^2 
^8 
ho 
95 
70 
Uli 
12 
03 

67 
^n 
81 
56 
^9 

.(.3779)(.n788UJ) + (.33657) (.0065) + (,9256) (.93979)1 -_ 12.50 
:(.2783)(.0-83ia) * (,33657)(.0h67) +  (,c59h)(.93979)3  - 19.30 
: .1636    .rM;,^) + (.33657)(.oS9a) + (.93l5)(i?3?79)1  = 30.17 
,(.O53O)(.O7n8U0 + (,33657)(.13ia) ♦ (.9893)(.93979)1 - 33.98 
-(.0633)(.0738ia) 
-(.1757)(,07881h) 

.9312 - 12,2L 

.9239 * 15,02 

.9703 ■= 20.30 

.9685 = 26.27 

.9914Ü =- 31,31 

.99?0 = 37.19 

.9997 = 1'2.68 

.9877 = 37!29 

.98,:>9 = 19.73 

.9606 = 5.09 

(.33657)(.1720) 
(.33657)(.2086) 

(.93^2)(.93979^1  . 29,68 
(.9621) (.93979)1   - 3.3I4 

Fron the above line  loads, the tension coefficients ma" bp  found b-  -Uvirilnp! 
eacV- line load by the total weight of 580 oounds. 

In Table luiv, theoretical lengths and tensions are given for all 17 lines 
of the oarawing under 1,0  g condition, 
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MAXIMUM CANOPY STRESS AND LINS TENSION UNDER 15 g'S DYNflMIC OPENING 

Canopy 

The maximum canopy stress occurs at a point ,773 L^ distance from the 
apex.    Its value under 1,0 g is 1,3U pounds per inch.    Hence, under 15,0 g's 
f - 20,1 pounds per inch.    Using a factor of safety of 1,5, the required 
fabric should have a quick break strength of 

> 

F^ - 1.5 x 20,1 - 30 lbs/in. (^9) 

The fabric used in the flight hardware has a ravel strlo breaking strength 
of 150 pounds per inch. Therefore, the margin of safety of the canory is: 

150 
MS - ~ - 1 - +U,0 (50) 

Suspension Lines ' 

The maximum load under 15.0 g's is carried by keel line No. Hi. This load 
is 67h  pounds (see Table XXXIV), For a safety factor of 1.5, the required 
line strength is 

T - 1.5 x 67U - 1011 lbs (51) 

The suspension line material used in the flight hardware is l/U-inch- 
diarater, 2-in-l Dacron polypropylene stable braid having a minimum strength 
of 1700 pounds. Reducing this by 80 percent for knot efficiency, a design 
strength of 1360 pounds results. Therefore, the margin of safety for the 
suspension lines is seen to be 

MS- «60-1 -+0,35 (52) 

Twin4^tenaiy4teel Par awing 

A rationale showing the structural adequacy of the twin-catenaiy-keel 
paravdng can be presented when related to the structural analysis of the 
single-keel parawing.   Although the results are qualitative in nature, 
the high structural margins shown on the single-keel wing do not warrant 
a more discrete analysis,, 
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The canopy planform as used for a twin-njatenary-keel parawing consista of 
a standard single-*eel parawing with an added center section which Increases 
the total planfom area 50 percent. The finally configured twin-keel 
parawing, ahem in planfom in-Pigure 9» has a theoretical keel length 
of 16 feet. The planfom area is 270 square feet as compared to 220 
square feei for the single-keel parawing. Therefore, for the same payload 
weight and assuming a symmetrical load distribution on the wing, the maxi- 
mum wing loading is 

q0-2.685x||x^. (53) 

qo " 1.1*1* lb/in* (51) 

The lower wing loading, coupled with smaller inflated wing radius, due to 
the twin-keel shorter traillng-edge length, will result in a margin of 
safety greater than U.00 as obtained in equation (50) for the single keel. 

The twin-keel leading edge lines will cany a smaller proportion of the 
total load in the ratio of 1/6 to lA or 67 percent by virtue of the 
symmetrical load distribution,   ngure 65 shows the relative load 
distribution schematically. 

(a)   Sii«le Keel (b)    Twin Keel 

Figure 65.   Wing Load Distribution, 

The twin-catenaxy-keel wing has one mom keel lim than the single-keel 
wing.    Ignoring this fact, the keel lim loads in the twin-keel win« will 
ÜSIS!! i^'f If fiyi*0 ^^ 133 P6"*"*-    A8»uning the sane relative lim load distribution and using lim 11^ (Ref. Table XXXI7) as 
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-     «MVMMR.^.   ,, 

tel^T^TlS ZTL*
1
* ""^ req,llred ^ Stren^ for the twin- 

■ 

T - Ui.93 x 1.33 x 15 

T - 900 lbs 

(55) 

(56) 

The margin of safety for the lines is 

MS 3360 

900 x 1.5 
- 1 - +0,01 (57) 
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APHäfJDIX IV 
SCALE-MODEL ANTE^IA TESTS 

GENERAL 

Preliminary testing and evaluation of the CACS antenna array were performed 
on a scale-model system as follows: 

1. A mockup of the control box, antennas, and paylaad was fabricated, 

2. An antenna test range was instrumented and checked out, 
i'i'. 

3. The impedance of the individual antenna elements and the impe- 
dance of the elements coupled through a hybrid were measured. The 
antenna lengths were adjusted for a good impedance match, 

U, The antenna radiation patterns were measured at six different 
element snacings to determine the radiation characteristics with 
antenna placement. Effects of pitch and roll attitudes of the 
control box on the radiation patterns were measured for the 
optimum spacing. The effects of the pay load were detemined 
qualitatively from the radiation patterns, 

5, Antenna placement and ground plane predictions were made for the 
Ifyan low-frequency system. 

The radiation patterns were investigated using only the largest size payload, 
a scaled version of a 3-foot by 3-foot by 3-foot container. The payload is 
located several wavelengths below the control box and should not affect the 
radiation patterns appreciably until high depression angles are reached 
where the payload is physically between the control box ana the transmitting 
antenna. Therefore, a smaller payload would onlv reduce the angular area" 
over which the patterns were depraded.  In addition, the radiation patterns 
of the homing antennas would have a null area or very little radiation 
downward; and the radiation pattern would be degraded considerably without 
the payload. 

The azimuth radiation patterns of the antenna system r-ieve  taken at 0-, 15-, 
30-, U5-, 60-, 75-» and 82,5-degree depression angles for the various antenna 
snacings investigated. Depression angle is defined as the angle between 
the line of si^ht to the transmitter and a plane horizontal through the 
center of the control box. The patterns then describe the resoonse of the 
antenna system over 360-degree azimuth for the given depression angle. The 
box is rotated around a vertical axis; thus, the radiation in the 
lower hemisphere is fully described. In addition, the box was pitched or 
rolled with respect to the vertical axis of rotation to describe the 
azimuth pattern for 'k  given depression angle when the wing is turning. 
Again, the lower hemisphere of radiation is described for each pitch or 
roll attitude investigated. The nomenclature used here is somewhat 
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different from that originally reaueatprf     Th* ^   ■    -. 
investigation of +75-deSee Ditch ^7™^  ^l.0'1^?*1 request calla *<* 
defined as *1S deirees^diation ^        '    The naxinim p±tc£ was lat^ 
10-degree i^rÄ:3'^^^^^/-«^^" ^ Jf3 degree« in 
degrees, with photograohs indS^w S?     ^ / 11 WaS defined as +50 
Radiation patfems^erTtSi ?n ?n J^-1? degree3 *ct*^y attained. Ha^T-ems were taken in 10-degree increments to +50-degree roll. 

TESTING ACCOMPLTsmm 

J^x^r^d r^cheT^on": ^X£\ZTI ^ "- 
antenna lengths w^e SSS ??i ^ *^bo*torn surface of ^ box#    ^ 
The VSWR ofJhe SSfÄfl^i^ !  f?3 f0f ^^ ^^dance match, 
quency (IhhO MHz). elements was 1.3:1 or less at the test fre- 

SL^utluS'in^hase^rS:? *0 t™ ^^^ to c-bi- the two 
Switching between ÄprS^fL^hSiVch hofflinf J^ioid pattern, 
ship of the two antenna elemS^Ta^ SL^inf      ^ 2" PhaSe "^^n- 
cardioidpattern.    The V^Rintl\twS^^dea a rlght- or left-hand 
antennas co^ted^dSf tee ™0^n

1,7b?S ^^ "easured l'6** ** the 
cated that a l^ch^pacLforoÄ*    ^^f»* «diation patterns indi- 
The individual äSnÄsS^Tj IBT^ T^T r**"**™' 
was 2.2,1 at this spacing.    Th- ^t«^, „!?    ' ^d ^ iS**t to the hybrid 
on the bar.    The syÄcal^u^Hs Zl U.^^T^^ l0Cated 

directional radiation oatterna as n«LsKi^^l      P«vide as nearly onni- 
thus,  symmetrical raSiSio^UerS^ ri^a^? ^^ eleaBnt' 
«hen the antennas are eSSnS S Se'hJ^ ^ lett or fore «^ ^ 

St %TÄrSS.So1 Stte^s^110"^1^ i8 8h0ra in n^ ' 
tical axis, and theTaUe^s^™^ T%* iS rotated around ^ ver- 
O-degree d;pres3SnP^gLTthTiSiSfe™^V^OMJepre88ion «^ (for 
and for 90-degree deprewionlhe Jn^nr ^y is4 ^^ndicular to the axia. 
For azimuth pS.I4^1^ÄÄ^S   llX^f ^^ aXia)' 
respect to the vertical axis    A^+i,- ~-,? J     ' the box i8 tilted with 
the various d.pre^ ^     ^J^L^i ^^ f ^ reCord«1 *>' 
roll axis of rotation to^J^n ^tcHSn?^aS^n^tedJ?bOUt ^ pltch or 

tions and roll plane patterns at v^o^tÄSeV* SS^H^ ^ 
model azimuth rotation nmviH«« ^-w-*^ ^ ^S163«    TM-s method of 
response for aU Je^s S Se^S 'llllZV*011 8h<* ^ antenna 
for horizontal and pitch aSd roU atmSes o? S. So8 ßI^!nd transmitter 
aion angles simulate the position of toe Sn^f ^   K      1 Vari0U8 depre8- 
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The azimuth patterns were measured at 0-, 15-, 30-, h$-, 60-, 75-, and 
82.5-degree depression angles for 1-, 1-1/2-, 1-3/1.,  2-,  2-1/2-    and 3- 
inch spacings of the elements at iMo MHz to determine the change of 
radiation characteristics with spacing.    Neglecting ground plane and mutual 
coupling effects, the radiation pattern should have a very low aide-lobe 
level when the spacing between model elements is 2 inches or l/h wavelength. 
Side-lobe level of radiation is defined here as the radiation to the right 
side of the box when the maximum of the radiation pattern is on the left 
side (or ^ce versa).    If the side-lobe level is not considerably below the 
maximum radiation, the signal received broadside to the box could be raisin- 
terpreted as a homing signal, and the control system could cause the wing 
to fly a circle about the transmitter at some undetermined range.    The 
error signal fcr 5- and 12-degree course errors from electrical boresight 
in1^        i" ,:?rdi-oid Patern crossover point) and the side-lobe level . 
in db down from the maximum radiation level are shown in Table XXXV for 
various antenna spacings and depression angles. 

S JT^Üff1 iS t!l2,dHfer*nM (in db> b6^6«" th« signal level received 
for the right-hand cardioid and left-hand cardloid patterns for a given 
J^Vl    *"♦ C0UrSe err0r-    FiVe- and *elve-degree erro« were arbi- 
^eäion0^.COraPare V**0™*™ at ^««»nt ^tenna spacings and 

In general, the sequences of radiation patterns show that for a given 
«2^     rT8    ' the.eiT<Vi8'*l do« not change rapidly with fchange of 
spacing.    The error signal increases slightly between 0- and degree 
tZIZ   ? a^defreMe- fro™ ^ to «2.5 degrees.    Therefore, ^rT^iven 
spacing   a particular value of error signal will represent a slightly 
SifrTf «SST? "T"" ^P6^"« on «» depression angle.    The sSe-lobe 
Wls JmSTn-^ C^%c^8ide"bly *ith spacing.    The lowest side-lobe 
Jte iLirST ^fr 0f ^ dCm) Were obt^»d at a 1-inch spacing over 
sWe JSSs    e^iMv"^68;    The ^^ Spacing8 Provided ^ch higher 
%TnfT' esPeeU^1Z^t l« depression angles.    Since the error signal 
did not vaiy appreciably with spacing and the side lobes were low at 1 inch 
spacing,  the radiation patterns with pitch and «11 aUitS" w^e in^Si 

ÄaSL^t8 T01?8 ^ ^ th0,lght that ^ 8ide lobeTwo^d be ^mÄintained at a low level, - 

Table XXIVI contains data taken from azimuth radiation patterns for all com- 
rjSZh ?nJ?16 0_ th™»*h22-*-d**e** depression angle in^menL L 
0- through 30-degree up and down pitch.    The error signals at 10- and 20- 
S5?^1Sr ^ *% Sefn ^ ^ «PP««!™^!/ the same Values as those 
with no pitch angle.    The side-lobe levels are also approximately the sa™ 

uäSe     The^'^o ^     ^ ^^ t0 the ^^ that ^e Patern is not usable.    There is no crossover podÄt in the pattern, or the right and left 
pattern amplxtude levels have revebedj this would lead to iSSurUe trrlr 
eognals or a complete reversal of error signal sense.    Fo£ ex^pS Ihe 

^iS'l^t^Th0111!^01^ a right C0Ur8e •™>* when the eSoT^as * 
IJSf ia nL ^L.1.CUrS

+rhen *he am 0f *• Pitch n*1* «^ depression 
StJ* IJ^^n K eT!&fr.>han 90 degrees, and opemtion is in the null area 
of the control box radiation pattern.    At 30-degree up-pitch and TsSegJS 
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denression, the angle  of incident radiation is really toward the rear of 
the- box and,  tnus,  the reversal of error signal.    At the lower depression 
angles and 30-degree up-pitch, the patterns still have the right error 
sense, but the error signal is reduced somewhat.     No reversal in oattern 
is seen for the 30-degree down-pitch because the pitch angle is subtracted 
from the depression angle,  and incident radiation is toward    the front of 
the box. 

s 

Table XXXVII contains data taken from azimuth patterns at all combinations 
of the depression angle increments and 10, 20, 30, hO,  and 50 degrees 
right and left roll of the control box. The error sipna>'is aporoxinatelv 
the same as for a 0-degree roll attitude for the low degression angles, 
and the side-lobe levels are maintained considerably below the maximum 
radiation. Again, as in the Case of pitch angles, when the sum of the 
roll apgle  and depression angle is nrar or greater than 90 degrees, the 
radiation patterns reverse right for left, and inaccurate or wrong sense 
course errors result. Thus, as the roll angle increases, the radia- 
tion patterns reverse at lower depression angles until at 50 degrees roll 
only 0 through 30 degrees depression is usable. • Thus data pertains to 
roll angles away Srcm  the ground station where the sum of depression and 
roll angles causes operation in the null area or opposite side of the box. 
If the box rolls toward the ground station, which is located at a high 

' depression angle and near broadside to the box, the error will be of the 
• correct sense. In all cases, either right or left roll, the crossover 
point in the forward direction is destroyed; in fact, several cross- 
overs may occur. Large error or complete reversal of sense will result. 
This characteristic of the radiation patterns becomes especially important 
near the cone of silence. 

Table XXXVIII contains data taken from pitch plane patterns of the antenna 
system at 0 through 50 degrees roll in 10-degree increments. The depth 
of the null in the radiation pattern perpendicular to the bottom of the box 
and the width of this null at 20 db down from maximum radiation level are i 
shown. The null is always located oerpendicular to the box in the pitch 
plane; thus, the null area would fall on different points On the ground, 
deoending on the pitch attitude of the box. This data was taken to Hete'r- 
mine performance near the cone of silence. 

Table XXXIX contains data taken from roll plane patterns at 0 through 30 
degrees pitch. The null depth with respect to peak radiation, the width of 
the null at 20, db down from peak radiation, and the position of the null 
with respect to the "perpendicular to the box a-e tabulated. This c'ata was 
also taken to determine performance near the cone of silence. 

Due to the large number,of patterns recorded, the pertinent data is pre- 
sented in Tables JUXV through XXXIX, and copies of the patterns are not 
presejited with tjiis report. ,    .' 
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DISCUSSION 

!>■ 

The optimum spacing of antenna elements considering side-lobe level was 
found to be 1 inch for the scale model for the "AC highi-frequency system. 
Theoretical calculations indicate that the spacing should be 2 inches, but 
these do not include ground, plane and mutual coupling effects. Since the 
gröuad olane is small in wavelengths, the amplitude and ohasing of RF 
energy received by the two antenna elements is unbalanced, and,a reduction 
of snaoing is required to produce a low side lobe to the left of the right- 
hand cardioid pattern, 

1 .        -        , ' 
The reversal of radiation pattern sense.at high depression angles with 
pitch and roll could cause erratic maneuvering of the wing near the cone of 
silence. The error signals will be inaccurate or in the wrong direction 
when the sum o^ the pitch or roll angle and depression angle is near 90 
degrees. Little or nothing can be done to the antenna system to correct 
this situation. ( 

» 

One possibilitv of erratic maneuvering is seen in the following example. 
If the wing were approaching the ground station at a high depression angle 
and slightly to the right side of the station when the cone of silence was 
entered, signal would be lost and the wing would commence a right turn, 
causing the control box to roll right.    Signal might then be received 
again because rolling has taker? the ground station out of the null area of 
the control box pattern.    At high depression angles and roll away from the 
station, the oattem sense is reversed; the wing would continue a right 
X-.-m when a left turn would provide the shortest route to »the ground sta- 
tion.    This should be considered in system analysis. \ 

The cone of silence, where signal between the ground statioX^nd control 
box is lost, is determined by many factors.    These include transmitter 
power, receiver sensitivity, control box radiation patterns, ground^station 
radiation pattern, attitudt of the control box,  and flight characteristics 
of the wing.    Transmitter oower and receiver sensitivity will determine the 
range (horisontal and vertical) at which it is possible to enter the cone 
of silence.    Reduced power or sensitivity would effectively increase the     > 
cone size,   "In addition, the pitch and»roll attitudes of the control box 
will change the effective ^size of the cone.    Therefore, the angular limits 
of the cone of silence will vary considerably.    A thorough review of the 
system performance characteristics and antenna patterns would be required 
to define the flight perfoimance -of the wing.    This is also true for areas 
o-.rtcide the cone of silence. 

Based on the 'radiation pat^rns obtained for the scale model, the ground 
plane size, antenna spacing, and antenna length would have to be an exact 
scale for the l<pw-^frequency system to obtain the same performance char- 
acteristics.    This does not preclude the fact that a low-frequency system 
with no ground plane extensions may provide adequate radiation patterns, 
but experimental measurements to verify this were not included in the work 
S|tateinönt.    The effects of the payload are not seen until very high depres- 
sion angles are reached, and the antenna pattern itself is deteriorating. 

■ 
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The low-frequency patterns would be aoproximately the same shape for a 
scaled ground plane j therefore, pay load effects^ould not be signifi- 
cant. The high-frequency system (and scale model) Uses a hybrid to combine 
the radiation received by the two antenna elements in phase quadrature. 
This approach is defined as an active system. The null to one side of the 
box and the maximum radiation to the other are obtained by balancing the 
amplitude and phase of the two antennas to cancel one another in one case 
and to reinforce on the opposite side. Exact amplitude and a iSOniegree 
phase between antennas is required to produce a null or a very low side-lobe 
level. On the low frequency system, a passive approach is used where one 
element acts as a parasitic element- to receive and reradiate energy to the 
element connected to the receiver. It is difficult to obtain low side-lobe 
levels with this approach because an amplitude balance cannot be obtained 
between elements., Therefore, it is anticipated that the cabling arrange- 
ment between the antennas must be changed to an active type system to obtain 
side-lobe levels comparable with the scale model patterns of the high-fre- 
quency system. If flights with the low-frequency system are limited to 
manual control, a single antenna element or a modified version of the high- 
frequency system could be used with no ground plane extensions to proride 
radiation pattern coverage. 

The radiation patterns show that for a given spacing, the error signal 
varies somewhat with depression, pitch, and roll angles. A given error 
signal does not always represent exactly the same number of degree course 
error. This effect must be considered in system performance. 

RECOMMENDATIOWS 

The following reconmendations are oased on the results of the scale model 
measurements and general performance requirements of a homing system. Since 
exact receiver and control system signal requirements and wing flight 
characteristics are not defined, a final determination of pattern adequacy 
cannot be made. It is anticipated that exact tailoring of radiation pat- 
terns with respect to the error signal (db error/degree course error) could 
not be obtained without additional measurements or possible degradation of 
the side-lobe level. The recommendations on this basis are» 

1. The antenna element spacing should be ^8 inert. The location is 
1/16  inch on each side of the center of the box with the antennas 

at eaual distances from the front and rear edges of the box. 

2. The antenna element length should be near yh.  inch, but exact 
length will change due to antenna construction. Impedance measure- 
ments will be made on the full-scale model, 

3. Since the antenna patterns show a reversal or sense at hip'i depres- 
sion, pitch, and roll angles, a method of turning toward the 
direction of last course error before the loss of signal should be 
investigated. This should reduce erratic maneuvers of the wing. 
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U. Operation near the cone of silence should be Investigated and 
pattern data correlated with specific control system performance 
to determine possible problem areas. 

5. If the low-frequency system is used for homing, the radiation' 
patterns should be measured, and the cabling of the feed network 
should be modified to an active system. A single antenna or 
modification to a hlgi-frequeney system would be satisfactory for 
manual control. 

6. Flight characteristics of the wing should be such that minimum 
pitch and roll of the control box is obtained consistent with 
flight performance requirements. High pitch and roll may cause 
wrong turns and reduce range of wing delivery capabilities. 

7. With the anticipated receiver output characteristics, a small 
course error signal (2 to 3 db) will command a maximum turn rate 
for small course errors, usually less than 12 degrees. In 
addition, changes of course error signal for a given number of 
degrees course error with depression, pitch, and roll angles of 
the box will cause the maximum turn rate to occur at varying 
values of course error. This could c-iuse undue maneuvering of 
the wing, overshoot on steering, and loss of delivery range. It 
is suggested that the receiver and control system remain a pro- 
portional system but that the range of course errors for 
proportionality be extended and that the db/degree course error 
be increased. This will Increase the accuracy of direction find- 
ing and smooth the flight path. Pitch and roll angles should be 
decreased and the possibility of erroneous error signals reduced. 
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|   Depression 
A igle 
l>sl 

o 
i? 

60 
75 
82.5 

0 
1? 
30 

60 r 
?.5 

TABLE XXXV,    A7IMTfrH PATTER»» TTATA 

Frequency,  ihhO m?. 
Mockup Attitude, 0° ^tch^J30_Roll^ 

v 

Antenna Spacing (In.) 

1.0 1.5 2.0 2.5 3.0 

Error Signal at 5 from Electrical Boresight (db) 

1.1 
l.U 

0.9 
0.6 
1.0 

l.U 
U 
1.3 
l.h 
1.5 
0.6 

1.7 
1.7 
1.3 
1.8 
1.5 
0,8 

1.2 
1.3 
1.5 
1.7 
l.h 
0.6 

1.3 
1.8 
l.U 
1.7 
1.7 
0.8 
0.5 

1 

Error Signal at 12° from Electrical Boresight (db) 

2.5 
3.0 
2.U 
3.0 
2.5 
1.2 
1.9 

3.2 
U.7 
3.3 
3.6 
3.6 
1.6 

U.l 
U.5 
3.0 
U,0 
U.o 
1.7 

3.2 
3.U 
3.3 
3.9 
3.5 
1.2 

3.7 
U.l 
3.U 
3.9 
U.l 
1.6 
1.0 

Minimum Side-Lobe Level (db) 

0 
15 
30 
16 
60 
75 

27.0 
26.0 
1U.0 

1U.0 
5.7 
6.5 

13.7 
12.5 
9.0 
8.5 

18.? 
?.0 

7.7 
•6.U 
5.5 
6.2 
11.0 
U.3 

6.3 
U.O 
U.9 
5.3 . 

10.8 
1.5 

3.U 
2.5 
3.U 
U.9 
10.0 
6.0 
0.5 
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TABLE XXXVI.    AZIMUTH PATTERN MTA 

Frequency, iMiO MHz 
1.0-Inch Antenna Spacing 

Mockiip Attltode. 0° Roll,  Pitch Variable 
d 

Depression   Pitch   Error Signal 
Angle     Angle   (db) at $° From 
 (DegJ (Peg)   Elec. Bore sight 

0 10 up 1.1 
15 1.1 
30 1.0 
U5 1.1 
60 0.9 
75 0.8 
82.5 10 up reversal 

0 10 down 1.0 
15 0.8 
30 1.0 
U5 1.1 
60 1.0 
75 0.7 
82.5 10 down 0.6 

0 20 up 1.0 
15 1.0 
30 1.U 
15 1.3 
60 1.0 
75 o.U 
^2.5 20 up O.ii rever 

0 20 down 1.8 
15 1.2 
30 1.1 
U5 1.0 
6n 0.8 
75 0.6 
32.5 20 down 0,6 

Error Signal 
(db) at 12° Prom 
Elec. Boreslght 

Minimum 
Side-Lobe 

Level (db) | 

2.5 
2.U 
2.U 
3.0 
2.1 
2.2 
reversal 

2.3 
2.3 
2.2 
2.3 
2.1 
1.1» 
1.2 

2.5 
2.5 
3.3 
2.7 
2.2 
0.9 
0.8 reversal 

k.O 
2.8 
2.5 
2.li 
1.7 
1.7 
1.3 

23.0 
23.0 
13.0 
12.0 
lli.5 
6.5 
6.7 

23.0 
23.0 
13.0 
12.0 
lii.5 
6.5 
6.7 

26.0 
30.0 
13.0 
9.5 
17.5 
12.0 
1?.0 

26.0 
30.0 
13.0 
9.5 

17.5 
12.0 
13.0 

Im ' 
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Depression 
Angle 

o 
15 
30 
US 
60 
75 
80.5 

0 
15 
30 
U5 
6o 
75 
82.5 

TABLE XXXVI - Continued 

Frequency, H^o MHz 
1.0-Inch Antenna Spacing 

Mockup AttitUd0> pORon. m^^^lg 

Pitch 
Angle 
CDeg) 

30 up 

30 up 

30 down 

/^rr01* Si§nal     Error Signal 
(db) at 5° ft-om  (db) at 128 from 
Elec. Boreaight  Elec. Boresieht 

30 down 

1.3 
l.ii ^ 
2.2 
0.9 
no crossover 
no crossover 
reversal 

1.6     V 
1.0 
1.1 
1.0 
0.7 
0.5 
0.6 

3.0 
3.3 
5.8 
2.5 
no crossover 
no crossover 
reversal 

k.0 
3.h 
2.7 
2.1i 
1.8 
1.2 
1.5 

Minimum 
Side-Lobe 

Level (db) 

20.0 
27.0 
lli.O 
8.5 

10.0 
no side 
no side 

lob« 
lob« 

20.0 
27.0 
HuO 
8.5 

10.0 
no side lob« 
no side lob« 

185 



TABLE mm, AZIMUTH PATTERN DATA 

Frequency, IhhO MHz 
1,0-Inch Antenna Spacing 

Mockiip Attitude, 0° Pitch^ Roll Variable 

Depression   Roll     Error Signal 
Angle     Angle   (db) at 5 Rrom 
(Peg) (Peg)   Elec. Boresight 

Error Signal 
(db) at 12° From 
Elec. Boresight 

Minimum 
Side-Lobe 

Level (db) 

0 
15 
30 
1*5 
60 
75 
82.5 

0 
15' 
30 
U5 
60 
75 
82,5 

0 
15 
30 
U5 
60 
75 
82,5 

0 
15 
30 
U5 
60 
75 
82,5 

10 left 

10 right 

20 left 

20 left 

20 right 

1.5 
1,2 
1.0 
1.0 
1.0 
0.8 

3.5 
3,1 
2.5 
2.6 
2.6 
1,6 

10 left   no good reversal  no pood reversal 

1.5 
1,3 
1,0 
1.0 
1.3 
0.6 

3,5 
3.0 
2.5 
2.5 
2.9 
1.6 

10 right  no good reversal  no good reversal 

:f 

20 right 

1.0 
1.2 
1.0 
0,8 
1.0 
no good reversal 
no good reversal 

1.0 
1.3 
0.9 
1.0 
0.8 
no good reversal 
no good reversal 

2.5 
2.9 
2,3 
2,1 
2.1» 
no good reversal 
no good reversal 

2.6 
3.1 
2.2 
2.3 
2.1 
no good reversal 
no good reversal 

2li.O 
29.0 
16.5 
lli.O 

8.1i 
7,5 

2lu0 
29,0 
16,5 
ia,o 

8,1* 
7,5 

\ 

lli.2 
26,3 
17.8 
13,0 
12,5 

lli.2 
26,3 
17,8 
1^,0 
12.5 

0 
15 
30 
U5 

30 left 

30 left 

0.6 
0.9 
1.1 
0.9 

1.6 
2.0 
2.1» 
1.5 

13,0 
25,0 
2h,2 
18,0 
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TABL^xy^ni - Continued 

Depression 
Angle 
Peg) 

60 
7^ 
82.5 

0 
15 
30 
U5 
60 
75 
82.5 

Roll Error Signal 
Angle (db)  at 5°  from 
(Peg) Elec. Boresipht 

30 left 

30 left 

30 rigfit 

30 right 

1.0 
no good reversal 
no good reversal 

0.8 
1.5 
0.9 
1.1 
1.5 
no good reversal 
no good reversal 

Error Si pnal 
(db) at 12° From 
Elec.  Bor^sight 

Minimum 
Side-Lobe 

Level (db) 

2.6 
no good reversal 
no good reversal 

2.1 
3.a 
2.1 
2.5 
3.1i 
no good reversal 
no good reversal 

11.8 

13.0 
25.0 
21.2 
18.0 
11.8 

0 
15 
30 
U5 
60 
75 
82.5 

0 
15 
30 
hS 
60 
75 
82.5 

\ 
h0 left 

V 

UO left 

IiO right 

Lo right 

1.6 
0.9 
1.1» 
0.9 
no good reversal 
no good reversal 
no good reversal 

0.5 
1.1t 
1.3 
1.2 
no good reversal 
no good reversal 
no good reversal 

3.1* 
2.3 
3.0 
1.8 
no good reversal 
no good reversal 
no good reversal 

1.5       / 

3.2 
2.6 
no good reversal 
no food reversal 
no good reversal 

20.0 
11.0 
15.6 
16.0 

20,0 
11,0 
1^.6 
16.0- 

0 
15 
^o 
.'.5 
6o 
75 
82.5 

0 
15 
in 
i.5 
60 
75 
82.5 

50 left 

50 left 

50 right 

50 right 

1.6 
0.8 
1.2 
no good reversal 
no good reversal 
no good reversal 
no pattern 

1.7 
1.2 
l.li 
no good reversal 
no good reversal 
no good reversal 
no pattern  

2.9 
2.0 
2.6 
no good reversal 
no good reversal 
no good reversal 

3.1t 
2.3 
3.0 
no good reversal 
no good reversal 
no good reversal 

15.5 
n.o 
15.0 

15.5 
11,0 
15.0 
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TABLE mvm.    PITCH PLANE PATTERN DATA 

Roll Variable 
Frequency, IhhO MHz 

1.0-Inch Antenna Spacing 

RoU Angle (Deg) 
Rt or Lt 

Null* Depth (db) 
Down Prom Peak 

Rt Patt           Lt Patt 
Port #1           Port #2 

Null Width (Deg) 
20 db Down Prom Peak 

Rt Patt           Lt Patt 
Port #1           Port #2 

0 
10 
20 
30 
ho    . 
5o 

22.6+               22.6+ 
27.0+      '         28.0+ 
25.3+               26.0+ 
2U.0+               2li.6+ 
21,3+               23.0+ 
2lu0+               21.1i+ 

5.0 
7.5 
6.0 

17.0 
liuO 
33.0 

5.0 
6,0 

11.0 
7.0 
8,0 

UuO 

Null is always perpendicular to box. 

TABLE XXXIX, ROLL PLANE PATTERN DATA 

Pitch Variable 
Frequency, lUhO MHz 

1.0-Inch Antenna Spacing  

PLtch  Null Depth (db) 
Angle  Down From Peak 
(Deg) 
Up or Rt Patt  Lt Patt 
Down Port #1  Port #2 

Null Width (Deg) 
20 db Down From Peak 

Null Position (Deg) 
From  Perpendicular to Box 

Rt Patt 
Port #1 

Lt Patt 
Port #2 

Rt Patt 
Port #1 

Lt Patt 
Port #2 

10 22.9 28.1 10 10 5 I 
20 31.1i+. 31.6 15 17 5 2 
30 31 .U+ 31.6+ 31 36 13 5 

 ■ rr-rssi 
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'      APPENDH V 
FÜLL-8CAIE ANTENNA SYSTEM MEASUREMEYTS 

GENERAL s » 

The following antenna system measurments wei"« made on the full-scale 
antenna array for the CACS, 

1. The impedance of the individual antenna elements was measured. 
These measurements were taken on the antennas as receivec' from 
Ryan, with the antennas shortened, and with the antennas short- 
ened and recessed into the holding assembly. 

2. Loss measurements on the RF switch between the antenna ports 
and the output! port to the receiver were made. 

3. Radiation patterns were taken for several depression angles at 
the low, center, and high frequencies of the desired frequency 
band. 

U. A draft of the test plan was prepared. 

IMPEDANCE MEASUREMENTS 

Impedance measuronents were made on the individual antenna elements, 
associated cables, and the RF switching circuitry by standard UHF bridge 
techniques.      , 

The cables between the antennas and RF switch were checked for equal 
length by a short-circuit impedance raethod. The cable length dif- 
ference was found to be .006 wavelength or 2,16 degrees difference in 
phase shift. This sraa?! value will have negligible effect on the radiation 
patterns. 

The Impedance of the individual elements, as received from Ryan, was then 
measured. The measurements included the antenna's associated cable. The 
opposite antenna was removed during the measurement to reduce the effects 
of mutual coupling. The Impedance of the antennas was as follows at f-, 
(cei.ter frequency): 

Antenna #1 5oil L. + 5.U0 VSWR - 1.12 
Antenna #2 U8A ^ + lu?0 VSWR - 1.10 

The impedance of the RF switch was then measured looking into the input 
ports (Jl and J2) with the output port (J3) loaded with a 50/1 resi^ve 
load. The RF switch biasing voltage was first applied to connect Jl to 
output jack J3 and then to connect J2 directly to the output. The impedance 
at f0 was as follows: /" 
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Impedance in Jl (Ji on) 
Snpedance in Jl (J2 on) 
Impedance in J2 CJ2 on) 
Impedance in J2 (Jl  on) 

52 A ^+ 3.6° 
52 n z. + 3.6° 
53 Jl L+ 3,6° 
53J^ /L + 3.6° 

VSWR - 1,08 
VS'« - 1.08 
VSIVR - 1,09 
VSWR =1,09 

cutout.     This 5/16-inch shart^g^loS with Tl/I      T b<K'S rMeSSSd 

antenna connectors In the mcunSrür JLS ri~ »H!    ^ re
1
ceS5i"E of ^he 

inpedsnce or the „o/. antenna shL^"^ SrÄ?af?hTr»™c^ was: 

Antenna ^2 ^0/2    ZL - 10,5? VSWR * 1.32 

S^c1,^ tohf "Sli^eT ^^^.^ ""'cnns connectors 
o^oughout the desSed bands 1^"dra-" were «"»«'' at three fpeqoencles 

*lo Antenna ^i 
Antenna #2 

106X1 
111JT. 

L - lk.10 

C - 17.-5° 
V3,VR «2.22 
VSWR - 2.36 

fo Antenna #1 
Antenna #2 

37 n 
36 ri. 

^.11..50 

L - lli.50 
VSWR - 1.50 
VSWR - 1,52 

fhi Antenna #1 
Antenna #2 

51 .a 
5hn 

^+ 7.5° 
^ + 6.8° 

VSWR - 1.18 
VSWR = 1,16 

Sts^b/^e^w^elon^ecTrfVr?^ by Sh0rten1"« ^ "«- 
weU etched to the Session uLs S ^a^r"^ StlU ''""»»''ly 

xT^rn^Jer^e^WiH^iR-- 
^^"-^"- "°'" °'" ^ -rrcrh^^^Äfantnna 

The 
VS'-'R is 1 ?? at  r I lu       . »-""«'i-ux DCK.     in tnis case, the an- 
loss at fn       n ^5^ ^ the mismatch l0^ would be less than 0.1 db iioss at Tl0 would be aporoximately 0.3 db. ' 

The final antenna length was 7-21/32 inches including the connectors. 

SWITCH LOSS MMSORgCTS 

RF loss measurements wer* made by apolving ^ oower to Jl anH   TO f+u 
antenna input ports) and by measuring the powerTevel out J3 oftL RV 
switch assembly.    The output power is r ef ercnce* tTthol P^T f. *! 'Y 
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,- 
Pbwer in Jl (Jl on) 
Power in Jl (J2 on) 

Power in J2 (J2 on) 
Power in J2 ''Jl on) 

-1,0 db out J3 
-L,6 db out J3 

-li.O db out J3 
-h.$  db out J3 

These measureinents show that the RF switch introduces an addit'onal signal 
loss of 1.0 to 1,6 db (depending on path) over the theoretical value of the 
hybrid alone. This loss may be attributed to the input cables, the output 
cables, and the switch losses. These losses are considered to be reasonable. 
The element measurements also show that the signal amplitude from each antenna 
element will be slightly unbalanced due to 0,5 to 0,6 db additional loss 
through the -90-degree phase lag port of the hybrid. This characteristic of 
the hybrid may cause some change in the side-lobe level of the radiation 
patterns. 

RADIATION PATTERN MEASUREMENTS 

Radiation pattern measurements of the CACS antenna »ystan were made at the 
Point Receiving Site. Unit No. 3 control box cover was mounted on a mockup 
or the control box and pa/load, and the complete assembly was mounted on the 
roof-top azimuth rotator. The control box was mounted in a>horizontal 
position and rotated in azimuth, while the radiation patterns were continu- 
ously recorded. The transmitter consisted of a Hewlett-Packard 6o3C signal 
generator connected to a log-periodic transmitting antenna. The transmit 
antenna was located at different orientations with respect to the control 
box to simulate tne radiation patterns at various depression angles. The 
receiving system consisted of a Scientific Atlanta Polar Recorder and L02 
Series Wideband Receiver. 

Radiation patterns were recorded for both the ripht-hand and the left-hand 
cardioid patterns at several frequencies and several depression angles. 
Table IL lists the radiation patterns taken. 

It snould be rioted that the radiation nattems at h5- and 60-def)Tee depres- 
sions may be somewhat in error since the transmit antenna was placed 
relatively close to the control box, and the control box/payload combination 
was not in the far field of the transmit antenna. The true pattern shape 
may be slightly different due to payload reflections. 

The right-hand cardioid oattern was recorded and then the RF switch state 
changed to record the left-hand cardioid pattern on the same piece of 
oaper. In addition to the data recorded, the boresight error was deter- 
mined by reading angular informat^qn from a selsyn readout on the rotator 
cop.trol panel. The selsyn reading was noted at the point vhere the right 
and left patterns had etual amplitudes. This value v;as compared to the 
mechanical boresifht to determine the homing course error. Data taken from 
the radiation patterns is tabulated in Table XLI, This data includes 
frequency, depression angle, boresight error, course error signal at 5 
degrees from electrical boresight (average of right and left si  ), course 
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error signal at 12 degreeE from electrical boresight and minimum sidelobe 
level below the pattern peak.    Figures 6? through 80 are the radiation 
patterns taken. 

TABLE XL. RADIATION PATTERNS 

Pattern No, Frequency Depression Angle (Deg) 

1     \ r     fio 0 
2 flo 15 
3 ho US 
h ho 60 
5 fo 0 
6 fo 15 
7 'o U5 ^ 

8 fo 60 
9 fhi 0 

10 fhi . 15 
11 'hi 1*5 
12 fhi 60 
13 flo elevation patter^ right to left 

lh f9 elevation pattern right to left 

rL_/ 

TABLE ILI. RADIATICW PATTERN DATA 

Frequency 

Depression 
Angle 

ho 
ho 
ho 
ho 
to 
to 
to 
to 
thi 
th± 
fhi 

0 
15 

US 
60 

0 

15 
1*5 
60 
0 

15 

Boresight 
Error 
(Peg) 

5.3L 
luOR 
0.0 
3.5L 
0.5L 
U.OR 
1.2R 
2.3R 
5.1R 
1.3R 
li.OR 
1.7R 

Error Signal 
at 5 Deg  m 

1.7 
1.0 
1.0 

0.9 

l,h 
1.1 
1.1 
1.1 
1.0 
1.2 
1.2 
1.1 

Minimum 
Error Signal   Side-Lobe 
at 12 Deg Level 

(DB) (-DB) 

sse 

3.5 
2.3 
2.2 
2.1 

3.0 
2.U 
2.5 
2.U 
2.7 
2.9 
2.9 
3.0 

13.5 
12.3 
8.5 
8.5 

10.0 
12.8 
9.6 

11.3 
9.0 

Ui.5 
11.8 
12, 2R 
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TEST MODEL: UN IT** 
MODEL SCALE- JjlLL 
CONDITIONS: 

CURVES PLOTTED IN: 
VOLTAGE: 

D6 

POWER: 

FREQUENCY:   F-CO.MCS 
SCALE FREQUENCY:     MCS 
POLARIZATION: 

E«: yL  
E^:  
PATTERN AHEA; _ 

ENGINEER      |    ß R OPERATOR   M M ?v ^^^TUl 

(pCtlTS     | | 

DATEq-Vfcfl 

ANTLAB « 36330 

Figure 67.    flo Azimuth Pattern (O-Degree Depression) 
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ANTENNA TYPE      HcMlur- 

TEST MODEL:       /J M IT     ■ 

LOCATION "s£PPA&^ 

MODEL SCALE: r„ LL 
CONDITIONS: 

CURVES PLOTTED IN: 
VOLTAGE: 

D& 
POWER: 

FREQUENCY: F- LQ   MCS 

SCALE FREQUENCY: MCS 
POLARIZATION: 

EO: VL  
E0:  
PATTERN AREA: 

ENGINEER       j    D  R OPERATOR  )M  M ^ FILE N0-        3~ 

4>c UTS 

bEPRESSIO^_l£lI 

^IgEZSS 
ANTLAB « 36330 T 

Figure-68, f^0 Azimuth Pattern (15-Degree Depression) 
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USE iMir ANTENNA TYPE       H £ MIMK LOCATION ' 

TEST MODEL .JJALLT^^.    — FREQUENCY: _E^LJL MW, 
MODEL SCALE: -Fü(.L  SCALE FREQUENCY:  
CONDITIONS:  POLARIZATION: 

MCS 

CURVES PLOTTED IN;   !>B 
VOLTAGE: '  
POWER:  

\^ E*: 

PATTERN AREA: _ . 
ENGINEER        \      h    H OPERATOR   ^   |^  g ^^ ^ 

ÖC.r.    | 1 

b EPR ess id y£l 

wtB-ir-u 
ANTLAB » 36330 

Figure 69.    flo Azimuth Pattern (Ii5-Degree Depression) 
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tTYPE      HCMHI6. LOCÄTiÖW AWTEWNA 

TEST IIODEL-      U WlT ^ 
MOOfLSTJUr-    Fui.l_ 

CONDITIONS:  
.MCS 

CURVES PLOTTED IN:   Di 
VOLTAGE:.  
POWER:  

ENGINEER    L P R 

 - "SEPPAR.S 
FREQUENCY:   F-L&   MCS 

SCALE FREQUENCY: . 
POLARIZATION: 

E«: ^^. 

E*:  
PATTERN AREA:. 

OPERATOR   M M ^ RU NO. v~ 

CD 
bCu-rs   I       I 

P^tH-^fl 
AMTLAB * 36330 

Figure 70. fi0 Azimuth Pattern (60-Degree Depression) 

196 



TEST MODEL: UN 'T i 
MODEL SCALE:     FUUL. 
CONDITIONS:- 
CURVES PLOTiKD IN:  D ß 
VOLTAGE: — 
POWER: . 

FREQUENCY:- 
SCALE FREQUENCY:. 
POLARIZATION: 

E*: y^  

.mies 

PATTERN AREA: 

ENGINEER     TDK OPERATOR     M   NU's FILE NO.       5 

<j) CUTS    I 

DEMESSIOV—Q. 

DATEq-^^ 

ANTLAB » 3*330 

Figure 71. fj, Azimuth Pattern (O-Degree Depression) 
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ANTENNA TYPE      HeMlA/& LOCATION 

TEST MODEL: UAJIT fe 
~EEgiS i 

MODEL SCALE: _ 
CONDITIONS:. 

CURVES PLOTTED IN:   DB 
VOLTAGE: _^  
POWER: ,  

FREQUENCY: _ta_ 

SCALE FREQUENCY:. 
POLARIZATION: 

E«: VL  
E0:      

ENGINEER      L D H OPERATOR   fj MvS' 
PATTERN AREA: 

FILE NO. & 

DfPfrf*" OM    IS 

^E^-^-^fl 

AMnAB « 36330 [ 

Figure 72. f0 Azimuth Pattern (15-Degree Depression) 
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TEST MODEL: _LLW-U__3 
MOOEL SCALE:    EtLLL 
CONOmONS:- 

CURVES PLOTTED IN:   D 8 

VOLTAGE:  
POWER:. 

FREQUENCY:    ' o MGS 

SCALE FREQUENCY: MCS 
POLARIZATION: 

£♦: ^  
E0:  
PATTERN AREA: 

i- H  K OPERATOR    N   M X T-g WO. 7 DATEB-?H-^ 

ANTLAB « 36330 T 

Figure 73. f0 Azimuth Pattern (U5-Degree Depression) 
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TEST unnn-     ÜhJ IT *3 
MODEL v.«ir-     pun 
CONDITIONS:  

cs 
CURVES PtOTTED IN: DÄ 
VOLTAGE:  
POWER:. 

FREQUENCY 
SCALE FREQUENCY:. 
POLARIZATION: 

MCS 

E^s^  
PATTERN AREA: 

ENGINEER     |    D H OPERATOR  M |VLS "FILE NO. g DATE 3352 
ANTLAB t 96130 

Figure 7li.    fo Azimuth Pattern (60-Degree Depression) 
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ANTENNA TYPE     H^M.M^ 

TEST MODEL:    UNIT1^ 

LOCATION 

MODEL SCALE:, 
CONDITIONS:. 

CURVES PLOTTED IN:   D B 
VOLTAGE:.  
POWER: ^  

   USE   PPftfVS- 
FREQUENCY: F- HJ   .MCS 

SCALE FREQUENCY: MCS 
POLARIZATION: 

E«:__l^  
E^:  

ENGINEER     1_  D R OPERATOR  M |\l^" 
PA^iTtCNAREA:- 

FILE NO. 

nu 
(frCüTS 

kpfiESSION   Q' 

DATEf-V^ft 

ANTLAB f 36330 

Figure 75.    fhi Azimuth Pattern (O-Degree Depression) 
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TEST MODEL: 

MODEL SCALE:. FULL 
CONDITIONS:  

CURVES PLOTTED IN: DB 
VOLTAGE:  
POWER:  

ENGINEER     |_ D R OPERATOR ^1 M.^ 

FREQUENCY:   E Hi    MCS 

SCALE FREQUENCY: ___^ MCS 
POLARIZATION: 

£♦: -    ^ ' 
E*:  
PATTERN AREA:  

FILE NO.     /Q 

(ic UTS J 
bePREssioV-:'15_I 

E*jlE2B3 
ANTLAB « 36330 

Figure 76. fhi Azimuth Pattern (15-Degree Depression) 
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AWtENNATYPE     HoMiUa UCATIOW 

TEST mama   IIHIT1*^ 
MODEL SCALE: F^-t 
CONDITIONS:. 

"^ PPflPS 

CURVES PLOTTED IN:  Dfi 
VOLTAGE:  
POWER:  

ENGINEER      L Q ß OPERATOR N MST 

FPFijiiFwrY-  P-UI-   urg 
SCALE FREQUENCT: MCS 
POLARIZATION: 
E*: ^ ; . 

E^:.  
PATTERN AREA:  

FILE NO. 

ED 
^Cors   I     I 

DBPKSSIOV  9£' 

JL DATEg-jQ-fj 

ANTIAB # 36330 T 

Figure 77.    f^ Azimuth Pattern (U5-Degree Depression) 
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TEST MODEL- UM iT'g 
MODEL SCALE:. 
CONDITIONS:. 

FULL 

CURVES PLOTTED IN:  1)6 
VOLTAGE:  
POWER:. 

ENOINEER       L n R OPERATOR   N M S 

FREQUENCY:   F-HI     MCS 
SCALE FREQUENCY: MCS 
POLARIZATION: 
E«: *L  
E^:  
PATTERN AREA:      

OLE NO.       f 2 

cu 
<i>CuTi       [ 

to* 

DATE^-3-^fl 

ANTLAa f 36110 

Figure 78, f^ Azimuth Pattern (60-Degree Depression) 

2(m 

) 



V 

ANTLAB t 3(330 

Figure 79.    flo Elevation Plane Pattern 
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TEST MODEL:   DAJIT ^^ 

MODEL SCALE:    Ft! I   L 
CONOITIONS:  

mUMS I 

CURVES PLOTTED IN: DE 
VOLTAGE:  
POWER: ^  

ENGINEER HX 

FREQUENCY:   Rn MCS 

SCALE FREQUENCY: MCS 
POLARIZATION: 

E»: ^  
E^:   
PATTERN AREA:. 

OPERATOR |\|   |X^ ntE No.      /If 

eCurs |       | 

4-90: 
DATE 

ANTUB * 36330 

Figure 80.    f0 Elevation Plane Pattern 

206 



/ 

Figures 79 and 80 are elevation plane cuts taken from right to left on the 
control box. They were taken to assure that the side-lobe level did not 
increase to an unusable level at depression angles other thar these used in 
azimuth plane measurements. The siJe-lobe level is 10 db down or greater 
for all depression angles up to approximately 75 degrees. Above 75 degrees, 
the side-lobe level increases rapidly«    J 

TEST HAN 

A draft of the test plan for antenna system functional tests was prepared. 
It was the purpose of the plan to establish test procedures, equipment 
requirements, and the data to be obtained to determine adequate antenna 
system performance prior to installation of each system. Exact antenna 
performance specifications must be determined from further system analyses. 

DISCUSSION 

Although the antenna impedance is degraded somewhat by shortening, the  ,S 
antenna is reasonably well matched to the transmission line (cables), and 
very little system sensitivity is lost. The antenna length could be 
reduced further to allow recessing Into the box. The impedance mismatch 
would be approximately the same as when the connectors were recessed l/U 
inch. System sensitivity would be degraded approximately 0,2 db at f0 and 
0.' db at f^j over the final length chosen in this report. 

Grounding straps were connected from the antenna connectors and the con- 
trol box cover during Ahe impedance and pattern measurements. No change 
in impedance or radiamon patterns with or without the straps was evident. 
It is recommended that the straps be retained to remove the possibility of 
radiation pattern Jitter due to Interruption of currents between the mount- 
ing bar and the control box cover« 

The radiation pattern data, when compared to the scale model measurements 
(see Appendix IV) indicates some changes of characteristics. The course error 
signal at 5 degrees from electrical boresight averages 1.1 db for the full- 
scale antenna system as compared with 1.1 db for the scale model measure- 
ments. The course error signal at 12 degrees from electrical boresight 
averages 2.6 db for the full-scale antenna system as compared to 2.U db 
for the scale model measurements. Thus, the course error signals compare 
quite favorably. The side-lobe levels of the full-scale antenna system were 
considerably higher than the measured values on the scaled version. The 
side-lobe levels were from 2.7 db to 17 db higher on the full-scale mockup 
at f05 however, the side-lobe level is still -10 db or greater over most of 
the lower hemisphere of radiation pattern coverage. There appear to be 
two reasons for the side-lobe level increase on the full-scale antenna. The 
signal received by the two antenna elements is slightly unbalanced in 
amplitude because of the hybrid loss unbalance. This would not allow the 
two antenna signals to cancel one another completely at broadside aspect 
angles to the control box and, thus, increase the side-lobe level. The 
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second reason is that the radiating element on the full-scale unit is not 
strictly a nonopole antenna, but more a sleeve-type dipole. This is due 
to the method of construction where a type "N" connector is used as the 
lower part of the radiating element. Thus, the current distribution on the 
radiating element will be slightly different from that obtained on the scale- 
model monopole antennas.; This could lead to an unbalance in received 
signal amplitude on  the two antennas near broadside aspect angles and, 
again, not allow complete cancellation of signals for a low side-lobe level. 
Ä slightly different spacing of the antenna elements could possibly improve 
the sid^-lobe level If desired. 

V 

k 

r 
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« 

API^NDn VI 
INSTRUMENTATION 

GENEPAL 

JX ?SS    instrumentation package was designed around a GJE recorder 
(CEC 5-U3) and contained a high-speed l6nm movie camera to photograoh the 
E^ÜnL ff"6 dePlcrent f1? lli8reefin€ a^ in flight.    The package also 

SSJi. ^tl0?ng,0:,C,Xit8' etc-    ^ instrumentation was designed^ 

The initial setup provided six data channels to the recorder as follows: 

^nnel Function 

i Motor Current 
2 FftM Switch (16 Channels) 
3 Control Iine load 
5 Control Line Load 
7 Roll Inclinometer 
9 Pitcn Inclinometer 

fJSSlSn2 Pr0Vides recording time sharing via a commutator for the 

• 

RAM Switch Channels 

1 ?iSVUrnnR?lay 9 Amplifier Power 
2 Left Turn Relay IQ Suspension Load 
3 Loss Carrier Relay u Suspension Load 
h Receiver Battery 12 Suspension Load 
I ffTn??*1?. 13 Suspension Load 
6 22-Volt Regulator 1^ Preset Voltage 
ft if TelÄr?mSer         . 15 S«^0 Redback 0 Hi-Level Steering 16 T—^  Instrumentation Battery 

Other data-gathering means used during the flight test program were» 

1'    tiipt/^nf+
aiyZer T38 mt? f0r P«'111'11^ indications of effec- 

Sr^Jl      f.  ?   f.7816!1:    ^ methods were considered for obtainir« the data ellminfttlnir t.ho af^.»«-. «<• 4.u_ ..._.■. wMwatiixi« 
'        ,,'        "—""•     '■"w luowuuuo  were  com 

the data eliminating the effects of the wind* 
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a. One method is to simply fly the system along the prescribed 
course both upwind and downwind, and then average the results 
for the L/P and the descent rate. 

b. The second method would entail the use of two auxiliary 
devices in addition to the basic parawing system» 
(1) a drag device which will descend at the same rate as the 
parawing system and (2) a deadweight.  The system test pro- 
cedure would then include the release of the weight and the 
drag device simultaneously with the initiation of the test 

(    record. As a result, the deadweight would then provide a 
starting point, the drag device would provide an actual wind 
effect on the system, and the parawing system would impact at 
a point including the wind effect. Physical measurement of 
the locations of the three test components on the ground would 
then facilitate calculation of the actual performance of the 
system during no-wind conditions. 

Laying out the course for use of the Fairchild analyzer is simple 
geometry depending on the portion of the flirrt to be recorded. 
The record obtained, due to the method of operation of the 
analyzer, can be roughly read by the use of an overlay to spot 
check the L/D and descent rate of the system. 

2. Closed circuit television fpr quick-look review data at' deplpy- 
raent and flight performance. 

3, Brinell block harness for maximum load measurements during 
deployment tests. 

U. I6imn movies,both ground and airborne, with up to hqCinch lens for 
closeup views of deployments, etc, 

5. Still photographs for documentation purposes. 

6. Smoke bombs attached to payloads during test to facilitate 
tracking, 

7. Personnel with spring scales to measure pull-in loads and for 
preliminary evaluation of parawing control characteristics. 

The Instrumentation package was used on three flifhts during the preliminary 
flight test phase and on ten flights during the deployment and control 
flight test phase. These flights were: 

102 - 8 August 1968 212-2 December 1960 225 - 6 December 1968 
108 - 9 August 1968 21ii - 2 December 1969 229 - 9 December 1968 
123 - 25 September 1968 217 - 3 December 1969 2I42 - 16 December 1968 
20k  - 22 November 1968 221 - 6 December I969 21^ - 17 December 1968 
208 - 27 November 1968 
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Flights 20U throu^i 229 were deployment tests and used the instrumentation 
package in place of the control box. The others used the instrumentation 
box and the control box and were control flights, 

A sumary for each of the instrumented flights categorized according to 
the test being condurted follows« 

PRELiyiNARY FLIGHT TEST 

i. Test 102 - 8 August 1968 

a, Manual control flight (interim receiver) 

b, Twin-catenarv keel with tubular nylon lines 

c, Weight (lbs) Payload 100 
Control Box        67 
Instrumentation    IIP 

Total    279 

d, Snyder reefer 

e, System stable at aporoxinately 25 seconds 

f, Pull-in:    6 inches in manual 
h  inches in loss carrier 

g, Post-flight check showed left servo cable tangled 

h. Instrumentation turned on 9 seconds after deployment       \ 

i. Deployment U0 KIAS at hOOO feet 

j. Flight duration 275 seconds 

k. Pitch and roll data no good 

1, Relay closure monitor inoperative except loss carrier 

n. Alternate left and right manual turns were transmitted 
during flight 

n, No indication of loss carrier during flight 

Figures 81 through 83 are portions of the data tape from flight 102. 

Figure 81 starts 9 seconds after deoloyment and shows the sus- 
/     pension loads at 10 and lh seconds after deployment. It also 
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> 

shows the actuator current pulse for a left turn pull-in as Indi- 
cated by the voltage levels of segment lit (his-level preset) and 
segment 15 (servo feedback), V 

The second figure (FigureJ^-^shows the actuator current for a 
6-inch right turn pull-in and return to neutral. It also shows 
the right control line load-during the right turn and the sus- 
pension loads during steady-state flight. 

' The third figure (Figure 83) shows the actuator current for a 
6-inch left turn pull-in and for return to neutral. It also shows 
the left control cable load and the suspension loads. 

It can also be noted that the control line load does not start to 
increase until approximately half of the pull-in time has elapsed. 

See Table HJI for calibration data, 

2. Test 108 - 9 August I960 

a. Manual control fli^it (interim receiver)" 

b. Weight (Lbs) Pay load 100 
Control box        67 
Instrumentation    112  - 

\y 

\ 

Total 279 

c. Pull-in 6 inches in manual 
0 inch in loss carrier 

d. Instrumentation turned on 9 seconds after deployment 
« 

e. Deployment 60 KIAS at UOOO feet 

f. Flight duration 200 seconds 

g. Pitch and roll data no good 

h.    Relay closure monitor inoperative 

i.    Alternate left and right turns transmitted during flight 

jl    Load cell for aft suspension load apparently damaged at 
deployment 

k.    Load cell for left suspension load open at approximately 
55 seconds 

Figures 81» through 86 are portions of the data tape from flight 
108« 
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I ' c  ,        „ ' 
Figure 8U shows the suspension loads at 12 seconds and identifies 

j> the channels. It also shows the aft suspension load cell open 
when the instrumentation is turned on. 

x  Figure 85 shoirs the servo actuator current and control cable load 
for a 6-inch right-turn pull-In and the actuator current for 
return to neutral. 

... * " . 
Figure'86 shows the same infoimation for a 6-inch left-turn 
pull-in (see Table ILII for calibration), 

3.(Test 123 - 25 September 1968 

a. Automatic homing flight (final receiver) 

b. Weight (Lbs)»    Pay load 300 
Control box        65 
Instrumentation    112 / 

-Total     U77 
■ ■ ' 

c. Pull-in:        6 Inches manual 
3 -1/U inches automatic 
5 inches loss carrier 

d. Instrumentation turned on 6 seconds after deployment 

e. Deployment U0 KIAS at 7000 ?eet 

f. Flight duration 138 seconds 
•v 
g. Snyder reefer tangled in right leading-«dge lines, c auaing a 

continuous tight right turn to impact 
\, 
Since the reefer was tangled in the right lines, the wing stayed 
in a tight right turn to Impact. 

The data tape from flight 123 shows that the system was in auto- 
matic homing for Ihe first 75 seconds and that the servo actuator 

F functioned at least 85 times during this period. The right con- 
trol line load was erratic during the flight and reached peaks 
in excess of 60 pounds. The system was switched to manual after 
75 seconds , and right and left turns were transmitted. 

The tape shows the delay from receiver power on to AGO buildup to 
be 7 seconds. The servo actuator current indicates pull-in times 
on the order of 1 second for 6-inch pull-in* 

The suspension loads were erratic throughout the flight. Eight 
seconds before impact,the suspension loads were as follows: 
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Aft U5o 
Forward 300 
Left 59 

1 Right 177 

Total      986 Lbs 
. ■     . '■ \      ■ ' »    ■ 

flPThe highest single suspension load was in the aft load cell at 50 
seconds. The load was 510 pounds flrora the aft load cell alone. 

\  The others were forward 285 pounds, left 118 pounds, and right 70 
X, pounds, for a total of 983 pounds, 

Although the system was in a very tight light turn from deploy- 
ment to Impact, due to the tangled reefer, the data tape indicates 
that the control system was functioning normally throughout the 
flight in both the automatic homing and manual modes, 

DEPLOIKEWT TEST .    \ 

1. Test 20li - 22. November 1968 ■ 

Test 20U was a deplpy^int test using the deployment sleeve with 
"0" + 3/U nose tuck reefing for 1* seconds. The payload weired 
500 pounds, and the instmnentätlon package used in place > 
of the control box weighed 85 pounds. A Brinell 
block was used between the payload and instrumentation package 
for peak load indication, and load cells were used in each sus- 
pension line group to obtain the load/time history. Figure 87 is 
a portion of the data tape covering the first 7 seconds of the 
flight. It shows a peak load in the reefed mode of about 1995 pounds 
or 3,U g and a peak load in the dlsreefed mode of about Jil60 pounds or 

. 7.1 &while the Brinell block indicated a peak load of 3700 pounds 
or 7 Jj g. Since the drop was uncontrolled, a right turn was tied 
into the wiig. The turn result was a tight right turn as indica- 
ted by static loads oft 

Aft . 378 
Forward 1J.6 
Left      o ' '. 215 at 50 sec 
Right 252  ■ ,      . . 

■Total 1261 Lbs or 2.15 g 

Total flight time was 56 seconds. Deployment was 3000 feet at 
80 KIAS. 
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2. Test 208 - 27 November 1968 

Test 208 was a deployment test usinp the deployment bag with 
"O" + 3/h nose tuck reefing for L seconds. The oayload weighed 
500 pounds, and the instrumentation package used in place of the 
control box weighed 8$ pounds. A Brinell block was used between 
the payload and the instrumentation package for oeak load indica- 
tions, and load cells were usei. in eacn suspension line groupr to 
obtain the load/time histoiy, Fipire 88 is a portion of the data tape 
covering the first 10 seconds of the fli^it. It shows a peak load 
in the reefed modo of lhh$  pounds or 2.5 g and a peak load in the dis- 
reefed mode of 22U5 pounds or 2.85 g, vMle the Brinell block Indicated 
a peak load of 1900 pounds or 3.8 g. Total flight ti-ie was 120 
seconds. Deployment was 3000 feet at 80 KIAS, 

3.' Test 212 - 2 December 1968 

Test 212 was a deployment test, using the deployment sleeve with 
"O" + l/2 nose tuck reefing for h  seconds. The payload weighed 
500 pounds, and the instrumentation package used in place of 
the control box weighed 85 pounds, A Brinell block was used 
between the payload. and the instrumentation package for peak load 
indications,and load cells were used in each suspension line 
group to obtain the load/tin» history. Figure  89 is a portion of 
the data tape covering the first 8 ^seconds of flight. It shows a 
peak load in the reefed mode df .i860 pounds or 3.2 g and a peak 
load in the disreefed mode of 2185 pounds or 3.75 g, while the 
Brinell block indicated a peak load of 3300 pounds or 6.6 g. 

The accelerometer shows a peak in excess of 6 g,but no corresponding 
loading appears bn the data tape. Deployment was 3000 feet at 80 KIAS. 

h.   Test 217 - 3 December 1968 

Test 217 tfas a c-eoloyment test using! the denloyment sleeve with a 
drogue chute and "O" + 1/2 nose tuckj reefing. Delays were 2 
seconds on the drogue chute and 2 seconds in the reefed mode. The 
payload weighed 500 pounds, and the instrumentation package 
used in place of the control box weighed 85 pounds. A Brinell 
block was used between the payload and the instrumentation package 
for peak load indication, and load cells were usedln each sus- 
pension line group for the load/time history. Figure 90 is a por- 
tion of the data tape covering tne first 6 seconds of flight. The 
reefing line.used on this flight was a MIL-W-5625 1000-pound web. 
The reefing line broke, and the resulting load as indicated by the 
Brinell block was 7200 pounds or ^lluU g. All four of the load 
cells used on the suspension line groups were damaged beyond 
reuse. Deployment was 3000 feet at 80 KIAS. 
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$. T^st 22h - 6 December 1968 

Test 22h was a deployment test using the deployment bag and "O" 
♦ 1/2 nose tuck reefing for h  seconds. The payload weighed $00 
pounds, and the instrumentation package used in place of the 
control box weired 85 pounds. This test used a single load cell 
located between the payload and the instrumentation package for 
the load/time history, and a similarly located Brinell block was 
used for peak load indication. Figure 91 is a portion of the data 
tape covering the first 6 seconds of the flight. It shows a peak 
load in the reefed mode of 2hB$ pounds or 5 g and a peak load in 
the diareefed mode of 3000 pounds or 6 g, while the Brinell block 
indicated a peak load of 3600 pounds or 7,2 g. Total fli^it time 
was lli8 seconds, 3000 feet at 80 KIAS. 

6. Test 225 - 6 December 1968 

Test 225 was a deployment test using the deployment bag with a 
drogue chute and "O" ♦ 1/2 nose tuck reefing using 2-second 
delays. The payload weighed 500 pounds, and the instrumentation 
package weighed 85 pounds. A single load cell was used between 
the payload and the instrumentation package for load/time history, 

and a Brinell block was used for peak load Indication. The type 
M21, 2-second delay reefing line cutter used to release the drogue 
chute and deploy the parawlng failed; thus, the package impacted 
with only the drogue chute deployed, and the instrumentation 
package was destroyed. When the reefing line cutter fired, the 
rear end blew out of the cutter, and the knife did not move far 
enough to cut the line. Figure 92 is a portion of the data tape 
covering the first 6 seconds of flight, 3000 feet at 80 KIAS. 

7. Test 229 - 9 December 1968 

Test 229 was a deployment test using the deployment bag with a 
drogus chute and "O" + 3/h nose tuck reefing using 2-second delay 
on the drogue and the reefing line. This test used a rebuilt 
instrumentation package and a single load cell between, the 85- 
pound instrumentation package and a 500-pound payload. Figure 93 
is a portion of the data tape covering the first 8 seconds of the 
flight. It shows a peak load on the drogue chute of 1700 pounds 
or 3.U g, a peak load in the reefed mode of 2100 pounds or U.2 g, 
and a peak load in the disreefed mode of 36OO pounds or 7.2 g, 
while the Brinell block shqped a peak load of 3700 pounds or 7»h g. 
Total flight time was 135 seconds, 3000 feet at 80 KIAS. 

CONTROL FLIGHT 

Test 2U2 - 16 December 1968 

Test 21*2 waa a control flight using 1-1/2 inches poll-in in all modes. 
The 90-pound instrumentation package was mounted on top of the 65- 
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pound control box and load cells were used in the control lines only. 
The pay load weighed 500 pounds, for a total suspended wei^it of 
655 pounds. The data items on the instrumentation package for this 
flight were: 

1, Left control line load 
2, Right control line load 
3, Hi-level preset voltage 

Servo feedback voltage 
Receiver AGO 
Receiver proportional output 
JRelay closure monitor 

Second timing poise 

The winfe had a built-in left turn which could just be overcome by the 
1-1/2-inch pull-dn. The control system functioned normally in all 
modes. Figure 9h is-«-portion of the data tape showing the first 20 
seconds of the flight. |t shows a control line load peak in the 
reefed mode at about 2 seconds and a second peak load following dis- 
reefing at about 5.5 seconds. The time delay relay closes in 6 
seconds,and the system goes into a loss carrier right turn during 
which the right control line load stabilizes around 35 pounds. The 
receiver AGO builds up to the receiver on point (3»5v) in about 7 
seconds after the time delay closes, and the system goes to neutral 
followed by three right/left turn cycles in the automatic homing   ' 
mode.- The system then stays in automatic homing right turn to T + 56 
seconds» 

Figure 95 is a portion of the data tape covering the time span, from 
125 to IhO seconis. This figure starts with the system in automatic 
homing right turn and ends in an automatic homing left turn. The 
control line loads are seen to be 

Left    Right 

0 31 right turn 
27 • 0 left turn 
7 17 neutral 

The average time for the 1-1/2-inch pull-in la 0.35 second. The 
figure also shows the proportional output voltage at turn relay pull-in 
to be approximately 2v for left or for ri^it turn. 

The data tape for this test also shows the following AGO condition: 

Prom power on to receiver operate (3.5v) 7.6 sec 
From power on to AGO maximum (9v) 20.7 sec 
From RF on to receiver operate 0.35 sec 
From RF on to stable 3.5v 0.95 sec 

Total flight time was 352 seconds from a drop altitude of 10^000 feet» 

217 



\ 

TABLE XLH. mTA REDICTION rsEMsrrivrm 
—j 

Lcharaiel       sca^ Factoi. 
______           Data T+Äm 

■ 

1 5.5 anp/1,07" - 5.15 an P/1*  Actuator current 
- 

3 66.li #/.91» - 73 #/" 
Control load (left) 

5 72.5 #/.92" - 78.5 #/» 
Control lp«d (right) 

7 j Pitch and roll 
^  Roll inclinometer 

9 (calibration not valid 
j   Pitch inclinometer 

2 PAM 

1 

2 

3 

Right turn relqjr operation 

- Left turn relay operation 

Loss carrier relay operation 
It 20 V.55" - 36.U ▼/•» 

Receiver battery voltage 
5 20 v/.55" - 36.1! Y/» 

Servo batteiy voltage 
6 20 v/.8l» . 2h,6 v/* 

Regulated 22 .v 
7 lt.16 0/.81|» - 1^.95 Q/m 

Accelerometer 
8 20 v/,8l» - 2h,6 v/» 

Hi-level steering 
9 10 r/.hn - 25 v/» 

Proportional output 
10 185 #/.83» - 222 #/» 

Riser load aft 
11 188 #/#85" - 226 #/■ 

Riser lead forward 
12 189 #/.85» - 228 #/• 

Riser load left 

13 193 #/.85" - 230 #/" 
Riser load right 

lii 20 v/.8o» - 25 y/« 
Preset voltage 

1$ 20 v/.80" - 25 v/» 
Servo feedback iroltage 

16 5 v/.52» - 9.6 v/« 
Regulated 5 VDC (instrumentation) 

              1 
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Regulated 5 Volt (Inst.) 
Servo Feedback Voltage 
Hi-Level Preset Voltage 
Suspension Load Right 
Suspension Load Left 
Suspension Load Foivard 
Suspension Load Aft 
Proportional Output 
Hi-Level Steering — 
Accelerometer >•  
22 Volt Regulator — 
Servo Battery Voltage 
Receiver Battery Voltage- 
Loss Carrier Relay  
Left Turn Relay- 
Right Turn Relay 

Suspension 
Loads 

Left Control Load 

Right Control Load 

Actuator Current 

Right 155^ 
Left 130# 
Forward     3U5# 
Aft (open)— 
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APPEMDH VII 
EXEMPT PARTS LIST 

A 

Part Ho, and Ni 

C177 
Connector 

8661-50 
Shielding 

DA^-lSP 
Connector 

80GB5-li-A-5K 
Relay 

79QB1CRU^L600 
Relay 

CA3108ER2O-7S 
Comwctar 

703PBI 
Switch 

MC-lJS 
Connector 

DBC-25S 
Connector 

DCC-37S 
Connector 

Mfg Code Reason 

59730    Nearest applicable spec is MS20659-26, 
irtiich does not provide a terminal for 
5/8-inch studs that will accommodate 
No. 12 AWG wire 

70903    Equivalent to federal spec QQ-B-575 

7Iii68    Fart selected because of space 
requirements; nearest standard part 
is M2U308/2-2; no QPL for MIL-C-2li308 

98927 Part recommended by Rjran Aeronautical 
as compatible with their radio equip- 
ment 

96927 Part recommended by Ryan Aeronautical 
as compatible with their radio equip- 
ment 

71li68    Part provides potting feature (for 
sealing and strain relief) in less 
space than required by M33108R20-7S 
with M53057 strain relief clanp 

91929    703PBI is made up of MS27216-1 (MIL- 
S-8805/8) sensitive switches which 
are sealed; nearest MIL spec part 
M8805/23-003 does not have sealing 
feature 

7Db68    Part selected because of space 
requirements; closest applicable spec 
MIL-C-2U308; no QPL for MIL-C-2U308 

711*68    Part Selected because of space 
requirements; closest applicable spec 
MIL-C-2li308; no QPL for MIL-C-2U308 

711|68    Faxt selected because of space 
requirements; closest applicable spec 
MIL-C-2U308; no QPL for MIL-C-2lt308 

r 
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c 

Part Ho- and Name MfK Code 

3U002-6-63 
Terminal Block 

98100 

2H2Iffl3N (.05-10 sec) 
Tine Delay Relay 

98U03 

PT06.SR-12-10S 
' Connectar 

77820 

JS5 
Switch Actuator 

92993 

 Reason  

Part selected because of space 
requirements; closest equivalent 
standard part is Class UOTB of MIL- 

T.#16UA , 

No time delay relays qualified under 
MIL-R-5757 

Comnercial equivalent to MS312feE12- 
lOSj future procui-ements will be to 
MII^C-26U82 

No standard switch actuator available 
for this application 
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The purpose of this work was to develop and furnish to the Anv (USAAVIABS) 
A flexlbla-wing deUwy system for all-weather airdrop of 500 pounds of 
cargo with both automatic and coonand homii« capability. These systems 
are for use in «ilitaiy eoglneerlng and sendee tests. —, 

A detailed design analysis and trade-off was accomplished, fbllowed by a 
füll-««!« wind-tunnel teat program and flight test evaluation effort which 
resulted in the selactlon of a twin-keel catenary parawlng, airborne control 
jboi, and suspension system. This final system was then tested for reliability 
and landing accuracy. ~ P 

This report presents the results and findings of the work accomplished. (! 
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